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This information document is isssued by the Office of
Transportation and Land Use Policy, U.S. Environmental Protection
IAgency, in response to Section 108(f) of the Clean Air Act. This
document provides a range of quantitative analytical techniques to
evaluate transportation measures and packages of alternative measures '
and is designed to assist State and local air pollution control
agencies and Section 174 lead planning agencies to perform
transportation-air quality planning. Although examples are provided,
this document is not intended as a substitute for the necessary
case-by-case analysis by approporiate local planning organizations.

A limited number of copies of this document are available from EPA
Regional Offices. Additional copies may be obtained, for a nominal
cost, from the National Technical Information Services, 5285 Port Royal
Road, Springfield, Virginia 22151.

This technical report was furnished to the Environmental
Protection Agency by Cambridge Systematics, Inc., Cambridge,
Massachusetts 02142, in fulfillment of Contract No. 68-01-4977. The
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PREFACE

The sketch planning methods described in this handbook have been
assembled and illustrated under contract to the U.S. Environmental
Protection Agency and the Urban Mass Transportation Administration in
order to provide assistance to local transportation agencies as they
conduct the planning and analysés required to develop the transportation
portions of State Implementation Plans. The handbook is presented in two
volumes:

Volume I: Analysis Methods
Volume II: Case Studies

The project was performed by Cambridge Systematics, Inc. Earl R.
Ruiter, Project Manager, and John H. Suhrbier, Principal Responsible,
provided the overall direction and management of the work performed. The
development of the handbook benefited greatly from the advice provided by
Marvin L. Manheim in the sketch planning applications of transportation
analysis and programmable calculator methods areas, and by Adolph D. May
(University of California, Berkeley), and Frederick A. Wagner
(Wagner-McGee, Inc.) in the area of highway facility operations. The
development or enhancement of specific analysis methods was carried out
by Ellyn S. Eder and Melissa M. Laube. Additional major contributors to
the handbook were Elizabeth A. Deakin, Lance A. Neumann, Daniel S. Nagin,

Terry J Atherton, Scott D. Nason, William D. Byrne, and Greig Harvey.
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Important contributions have been made by EPA staff
members Chris Shaver, David Levinsohn, Gary Hawthormn, and
Joseph Ossi. Their support and individual inputs have been
very much appreciated. The contents of this report,
however, reflect the views of Cambridge Systematics, Inc.,
and they are fully responsible for the facts, the accuracy
of the data, and the conclusions expressed herein. The
contents should not be interpreted as necessarily
representing the views, opinions, or policies of the
Environmental Protection Agency, the Urban Mass Transpor-

tation Administration, or the United States Government.

These sketch planning techniques have been applied to a
number of additional transportation related issues. For

further information contact:

Dr. Robert Dial, Director
Office of Planning Methods and
Support (UPM=-20)
Urban Mass Transportation Administration
Department of Transportation

Washingtpn; bD.C. 20590

REPRINT
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INTRODUCTION

A. Purpose of this Handbook

This handbook presents case studies illustrating the application of
a selection of techniques for transportation-air quality planning. The
emphasis is on "sketch planning" techniques--ones which can produce a
first-cut estimate of a proposed transportation measure's impact for a
relatively small investment of time and effort.

The analysis approaches illustrated here should be useful in
developing the transportation portions of State Implementation Plans
(SIP's), as required to meet national ambient air quality standards under
the Clean Air Act, as amended (42 U.S.C. 1857 et seq.). The Act, and the
joint Environmental Protection Agency/Department of Transportation
guidelines issued pursuant to it, call for the analysis of a number of
transportation measures which potentially could improve air quality
(Table 1). The effects these measures would have--on travel; the
transportation system; energy conservation; and a host of other social,
environmental, economic, and financial concerns; as well as on air
quality--must be evaluated within a broadly participatory, interactive
planning process. Furthermore, the analyses must be completed
expeditiously, in order to meet legislative deadlines for SIP adoptions
and submittals. These combined requirements necessitate analytic
capabilities which produce results quickly and yet proviue accurate

information on a wide range of impacts.



TABLE 1

Reasonably Available Transportation-Air Quality Measures
1l

to be Analyzed for SIP Revisions
]

Transportatioh System Measures:

improved public transit (short- and long-range)
exclusive bus and carpool lanes

area-wide carpool programs

private car restrictions

on-street parking controls

pedestrian malls

park-and-ride and fringe parking lots

employer programs to encourage carpooling and vanpooling, mass
transit, bicycling and walking
bicycle lanes and storage facilities

staggered work hours (flexitime)

road pricing to discourage single-occupancy auto trips

® & o o

traffic flow improvements

Vehicle and Equipment Measures:

e inspection and maintenance programs

o alternative fuels or engines and other fleet vehicle controls
e other than light duty vehicle retrofit

‘@ extreme cold start emission reduction programs

e controls on extended vehicle idling

- @ vapor recovery

INote: This report focuses on the first category of measures, those
affecting the transportation system. The second catgory of measures are
considered in some of the emissions estimation techniques, however.
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Metropolitan Planning Organizations (MPO's) for the most part are
taking the lead in transportation-air quality analysis. Often, however,
the MPOs' analytical techniques center around large computer modelling
systems which originally were designed to investigate the effécts of long-
term activity shifts and/or major capital investments in transportation.
Such model systems tend to be too costly, too data-demanding, and too time
consuming for use in analyzing the numerous alternatives to be considered
in transportation-air quality planning. Because the models were not
intended for analysis of transportation operations, management policies, or
small changes in facilities, they often omit variables necessary to study
such measures. Some of the variables which are included enter the models
in ways that cannot respond to the influence of proposed actions, or that
can do so only by recoding or reprogramming. Because the models were meant
for regional studies, they frequently are so naggregate" (i.e., coarse-
scaled) that small or localized change cannot be discerned. The models
usually do not have the capability to focus on a subarea or corridor except
after considerable modification, and then only with a great deal of work.
They rarely distinguish among various socioeéonomic groups or other popu-
lation subsamples. Thus, the conventional model systems are not well-
suited for transportation-air quality planning--nor for most transportation
system management (TSM) or transportation-energy conservation planning
efforts, which likewise emphasize quick response analysis of management and
operations policies and small capital investment projects. Methods which

are cheaper, quicker, more flexible, and more responsive are needed.
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In recent years, a number of sketch planning tools have been devel-
oped. They range from specialized techniques designed to address a parti-
cular type of measure or impact to general-purpose procedures and method-
ologies, and they cover a smililarly broad range of sophistication and
complexity. In Volume I of this handbook, a selection of these sketch
planning tools is reviewed, their applicability to various analysis
problems is evaluated, and the resource requirements for éach technique are
assessed. Special emphasis is given to techniques suitable for
transportation-air quality analysis, although most of the methods are more
- generally applicable to transportation system management planning and
transportation energy conservation planning.

This handbook is designed with two major types of readers in mind:

o Those who are designing transportation-air quality analysis
approaches, and in doing so must select an appropriate set of
analysis techniques.

e Those who are conducting transportation-air quality analyses,

‘and require reference material on particular analysis methods.

Volumes I and II both contain material useful to each of these types
of readers. Volume I includes a discussion of the terminology used in
the handbook, overviews of various kinds of analysis methods,
descriptions of specific methods, pointers to further reference material,
and analysis design issues. The case studies included in this volume
provide extended examples of specific analysis methods. These examples
will be useful to designers of analysis approaches in understanding the
applicability of the methods, and to those carrying out these approaches

in understanding the steps which must be carried out as specific methods

are used.
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B. The Range of Sketch Planning Techniques Available

Numerous sketch planning techniques have been developed in recent
years. Three categories of such techniques are presented in this
handbook:

e Travel demand analysis methods are those which predict travel-

Ter behavior in response to change in the transportation

system. Techniques for trip generation, destination choice,
mode share, and route choice are all reviewed.

e Facility operations analysis methods predict the operating
characteristics of transportation facilities as a function of
changes in capacity and operating policy. Intersection
improvements, signal timing, capacity changes, and flow meter-
ing all are addressed by the techniques discussed.

e Special impact analysis methods focus on particular effects of
transportation changes. Methods for assessing changes in vehi-
cular emissions and fuel consumption are presented.

Within these categories, the techniques are further classified by the
technology used in applying them:

e Manual methods are techniques which utilize worksheets, formu-
las, nomographs and the like to carry out hand calculations, as
well as approaches for making use of data or study results from
other urban areas.

e Programmable calculator methods are adaptations of manual
methods which, by capitalizing on recent developments in inex-
pensive calculating equipment, allow for more detailed and pre-
cise analysis at no significant increase in effort.

e Computer-based methods are model systems for which time and
expense are minimized by making simplifying assumptions or
otherwise limiting the scope of the analysis.

Table 2 illustrates how the classification is used in this hand-
book. The methods ﬁere selected as representatives of the range of
approaches which have been developed. The various techniques can accom-
modate different amounts and types of data, can be used at different levels

of detail, and require various levels of staff expertise or experience,



i-6

_ |

aJanpaosoud
Butuuetd yojays 3Tsuedy
O3yd dOHS
TITI40NW LASNVUL WdV2 Jaj3ndwoy

DOV-(NVA)IAOWE

XOUdANd DOV-3A0ne 403eTnoTE)
10d4s0d snd NIDHH 8TqewweJdoug
s1sdTeue
eouatJadxs Jo JaJsueas) elep OTjews)sis
poyjsu Butuassugduo sanbruyoay
£§9€00 Juijeuado pue 9TJJedy epfMeade UOTJRUITYSd [aARU]
uotqdunsuod fanjy oqne sanbtuyoeq teotrydedsd uequan asuodsad }oynb
£7199UEXJOM BUOTSSTUS dBTNWIOJ MOTJ OFJJed)y 20TOYD 9pow 329USHJOM TENUEYK
sq0edu]l Teyoadg suotjedado £3F1T0RY puewagq AZoTouyoay,

!

sonbyuyos] Jujuuerq yojeng JO AdotodA),

¢ dmuvl



17 -

labor, and other resources. Furthermore, techniques which are applicable
to the full range of transportation-air quality measures have been
jneluded. The handbook thus should be useful in disparate settings and
under disparate conditions.

An index to the methods listed in Table 2 is provided in Table 3.
This table shows the case studies in this volume in which the various
methods are demonstrated, as well as the policies illustrated in each case
study. Also, for each general class of method, and for each individual
method, the appropriate section in Volume I in which it is discussed is
indicated.

To illustrate the use of Table 3, consider first the analyst who
wishes to see examples of the analysis of parking programs. Under this
column, both Case Studies I and IV appear. Case Study I illustrates a
number of manual demand and impact methods, and Case Study IV illustrates
SRGP, a computer demand method. Secondly, consider an analyst who wishes
to obtain information on calculator demand methods. The table provides
Volume I section references to the general overview of this class of
methods (2.2), and to the three methods described in detail in this
handbook (2.2.1, 2.2.2, 2.2.3). The table also shows that two case studies

(IT and IIT) illustrate the use of these methods.

C. General Structure of the Case Studies

The remainder of this volume consists of seven case studies drawn from
previous work done by the authors of this handbook and others to illustrate

the application of sketch planning analysis methods to transportation-air
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quality planning. A common structure is generally used to present each
case study, with minor variations adopted where these are required. The
sections included in the common structure are presented as subsections
here, with a discussion of their functions. Also, the sections of Volume I
which discuss more generally the issues or procedures addressed in the
specific case study context are identified.

1. Problem Presentation

This section introduces the case study, discussing briefly the
air quality problem which is addressed and its geographical,
demographic, and transportation system contexts.

2. Proposed Transportation Measures

The nature of the transportation measures which are proposed as
partial solutions of the air quality problem are discussed. The
proposed new or modified transportation facilities and operational
strategies are discussed, and their expected impacts on both travel
patterns and air quality are identified.

3. Selection of Analysis Techniques

The analysis techniques used in the case study are identified,
with references to their discussion in Volume I. Also, the reasons
for selecting each technique are presented. General discussions of
the analysis selection issue are included in Sections 1.4 and 5.1 of

Volume I.
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Yy, Overview of the Analysis

In cases where multiple techniques are illustrated, the major
analysis steps are described and their relationships to each other are
discussed. Section 5.1 of Volume I addresses this topic more
generally.

5. Defining the Scope of the Analysis

This section presents a rationale for the market segmentation
approach chosen for use in the analysis, as an example of the
application of the guidelines presented in Section 5.3 of Volume I,
and describes the criteria used to define each group of actual or
potential travellers identified as a market segment.

6. Input Data Development

The all-important process of specifying the values of input
variables for the chosen analysis methods is described. Data sources
are identified, and alternative sources are mentioned as an aid to
understanding how specific local data availability issues can be
addressed. Section 5.2 of Volume I discusses general issues in
representing transportation system changes, and Section 5.5 discusses
alternative data sources more generally.

7. Description of Model Application

The step-by-step process of applying the chosen analysis
techniques to evauate the proposed transportation measures is
discussed. Where applicable, illustrative worksheets are included,
completed to show the calculation process which was carried out. This
section thus provides examples of the use of the methods presented in

Chapters 2, 3, and 4 and of the worksheets included in Appendices A

through E of Volume I.
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8. TImpact Assessment

This section summarizes the travel, air quality, and energy
conservation impacts predicted for the proposed transportation
measures.

9. Interpretation of Results

The results summarized in the former section are interpreted in
terms of their significance, their impact on further analysis and
implementation decisions, and their limitations due to the nature of
the input data, scope of the analysis and applicability of the
analysis methods. It should be hoted'that the results are only meant
to illustrate the use of the sketch planning methods‘tb evaluate a
specific transportation-air quality problem in a specific geographic,
demographic, and transportation context. The results should not be
used as general evaluations of the proposed transportation measures or
as indicative of the impacts to be expected if these measures are

implemented in other contexts.



CASE STUDY I

FREEWAY FACILITY RESERVED FOR CARPOOLS AND BUSES






CASE STUDY I: FREEWAY FACILITY RESERVED

FOR CARPOOLS AND BUSES

A. Problem Presentation

An urban area with population 1.5 million has serious violations
of the health standard for ozone during the summer. Within the area
is a travel corridor which includes a major radial freeway. This
freeway generates 34,000 vehicle trips to the CBD and fringe areas
of the central city during the morning peak period. One of the
largest travel generators in the region, the corridor suffers from
increasing congestion, particularly on the radial freeway. 1In addi-
tion to the congestion, major comstruction projects proposed for the
downtown area are expected to cause delays to CBD-bound commuters

from the corridor.

B. Proposed Transportation Measures

To help alleviate the increasing congestion and the air quality
problems in the area, a plan incorporating two complementary actions
has been proposed. The major feature of the proposal is the construc-
tion of a reversible two-lane facility on the median strip of the
existing freeway. These lanes will provide peak direction flow for
buses and carpools with four or more occupants. Expansion of bus
services is also proposed to encourage the use of the high occupancy

vehicle (HOV) lanes.
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VDue to the existing congestion on the freeway, significant time
savings for the line-haul portion of the trips made by vehicles eligible
to use the HOV lanes are expected. The project involves adding new
lanes to the freeway, so congestion and travel times are not expected
to increase for drive alone commuters and those in two and three person
carpools, except those bound for the downtown area who will be delayed
by the construction there.

Other factors are also expected to change the level of transpor-
tation service for trips in the corridor. As a result of a program
to encourage carpooling, major employers in the fringe area (represent-
ing about half of the total employment in this area) are planning to
offer preferred parking spaces to carpoolers. Single occupant auto
drivers working at these employment sites should be inconvenienced to
some degree. An additional measure intended to encourage the use of
public transit in the corridor is the creation of special bus lanes in
the downtown area, routed so as to avoid the construction-related delays
to be experienced by autos.

It is argued that these measures will result in a shift by people
living in the corridor and working in the central city from autos to
buses, from single-occupant autos to carpools, and from two- and
three- occupant autos to four-person and larger carpools. These shifts
in mode usage should lead to decreases in VMT, vehicle trips, HC and
NOx emissions (which cause formation of ozone), and gasoline consumption

in the corridor.



The direct impacts of the proposed measures on transportation

levels of service in the corridor are as follows:

Change LOS Impact

HOV Lanes Reduced transit in-vehicle travel
time (IVTT) to central city (fringe
and CBD)

Reduced IVTT for 4+ person carpools
to central city

Construction Increased IVTT for all autos to the
CBD

Employer Parking Policy Increased out-of-vehicle travel time

(Affects one-half of (OVTT) for drive alone trips to fringe

employees in the fringe areas

area)

Decreased OVIT for all carpools to
fringe areas

Bus Frequency Decreased OVIT for transit trips to
Improvements the central city
The problem is to predict the magnitude of the vehicle emissions,
fuel consumption, and other impacts of the proposed measures, given the
set of expected LOS impacts. It is expected that the proposed measures
will be completely in place by 1982, which has therefore been chosen as the

analysis year.

C. Selection of Analysis Techniques

Because the proposed measures are in the early stages of planning
and evaluation, a quick and somewhat gross estimate of the effects of the
plan is desired to determine if further, more detailed analysis is justified.

The limited resources available for this initial analysis dictate that
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manual techniques be used, drawing on existing sources of data to the max-
imum degree possible. For these reasons the manual pivot-point mode choice
(2.1.13)1 and the emissions worksheets (4.1) methods are chosen for the
analysis of the proposed transportation measures. In addition, portions

of the quick response urban travel estimation (2.1.2) and systematic data

analysis (2,1.3) techniques are used to specify base case conditionms.

D. Overview of the Analysis

Seven major steps are involved in the application of the manual
analysis techniques to the evaluation of the HOV lanes and accompanying
measures: |

Step 1 - Identify the effects of the HOV lane and other factors;

Step 2 - Segment the population into homogeneous subgroups;

Step 3 - Quantify existing mode splits for each sub-group;

Step 4 - Quantify the level-of-service changes for each sub-group;

Step 5 - Apply FEA VMT analysis worksheets to each subgroup;
Step 6 - Determine corridor-wide VMT and auto trip changes;
Step 7 - Determine corridor-wide emissions changes.

These steps are illustrated in Figure I-1. Information flows between
steps are illustrated by arrows. Steps 5 and 6 involve the utilization
of the FEA WVMT analysis worksheets, while Step 7 involves the use of
the manual emissions worksheets.
Figure I-2 illustrates the use of the manual pivot-point mode choice
method in carrying out the analysis. Steps labelled with numbers indicate
the use of specific worksheets. Worksheets I, II-A, II, V, and V-A are

used only once. The remaining worksheets are used once for each popula-

1

The section numbers following specified analysis methods refer to the
location of their description in Velume I. 1In addition, master copies
of all worksheets used are provided in Appendices A and D of Volume I.
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FIGURE I-1

Basic Steps for HOV Lane Analysis
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tion subgroup to be analyzed. The following section describes the identi-

fication of population subgroups.

E. Defining The Scope of the Analysis

Steps 1 and 2 define the scope and level of detail of the analysis.
The more effects identified and more subgroups considered, the more com-
plex (and accurate) the analysis becomes. The major impacts of the proposed
measures were outlined in Section B. These effects will be the only ones
considered in this initial evaluation of the proposal.

The purpose of segmenting the affected population is to obtain a
number of groups which face approximately the same changes in level-of-
service, and which have the same set travel opportunities available to
them. For example, under the proposed measures, commuters bound for the
CBD will experience somewhat different impacts with respect to level~
of-service than those bound for the fringe areas. For this reason, a
classification of the corridor's commuters based on the location of their
workplace is suggested.

Individuals not owning automobiles are likely to respond very differ-
ently to changes in the level-of-service of transportation modes than those
who have one or more vehicles available for their use. Once again, a
segmentation of the market is suggested, with auto-owning households
being considered independently from those without autos available for
their use. Those not owning autos are assumed not to have the drive alone

mode available, but may use the transit or carpool modes. The popula-
tion of the corridor is relatively homogeneous with respect to other char-

acteristics, such as income, which are likely to affect travel behavior.



For this reason, no further segmentation of the population need be done
for this amalysis.

In situations where there is a great deal of variation within a
population with respect to income, work trip length, current mode to work
or trip-making behavior, a more extensive segmentation of the population
would be useful. Also, if different types of change in transportation
level-of~service will be experienced by certain groups (such as in the
case of improved transit service targeted to low income areas within a
city) the segmentation should be detailed enough to account for any dif-
ferences which might lead to variations in travel behavior response. An
additional consideration in the definition of market segments is the level
of detail and accuracy desired for the analysis in relation to the budget
available for preparing the input data and doing the calculations.

The four subgroups implied by the two levels of segmentation

described above are:

I. CBD-bound with all modes available
II. CBD-bound without the drive-alone mode
I1I. Fringe area-bound with all modes available
IV. Fringe area-bound without the drive alone mode.

Vehicle and person-trip counts on the existing highway--taken yearly
by the local traffic department--indicate that 60 percent of the trips
originating on the corridor are bound for the CBD, while 40 percent are
destined for the fringe area.

Income projections, developed as part of a land use study for the

metropolitan area, indicate that the mean income (in 1970 dollars) for
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residents of the study corridor will be $11,000 in 1982. Because no pro-
jection of auto ownership levels is available, this income level must be
used to estimate the distribution of households by auto ownership category
for the corridor. Curves relating auto ownership level and income,
grouped by urban area size category are available in the report, Trip

Generation Analysis, prepared by FHWA.1 The curve for Philadelphia,

Pennsylvania was chosen for use in estimating auto ownership in the
study corridor (See Figure I-3). This selection was based on the fact
that the urban area under study, like Philadelphia, is an older eastern
city with relatively good transit service. Reading the auto ownership
levels for 1970 income level $11,000 yields: zero autos, 1ll.5 percent;
one auto, 59.0 percent; two autos, 28.0 percent; three or more autos,
1.5 percent. The 11.5 percent zero-auto ownership level and the distribu-
tion of trips by destination imply the following distribution of house-
holds in the corridor by subgroup:
I. - 53.1%

II. - 6.9%

ITII. - 35.4%

IV. = 4.6%

These values are entered on column 2 of Worksheet I, Base Data.

This use of available data to assist in specifying the base case

illustrates a systematic data analysis method (2.1.3).

F. Input Data Development

The input data required for the analysis are defined on Worksheets I,

IT-A, and II.
1

U.S. Department of Transportation, Federal Highway Administration;
Trip Generation Analysis, August, 1975.
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PHILADELPHIA, PENNSYLVANIA

4,020,420 5,346

2 Autos

XY 0 Autos .
[ W W\ D R L
1500 3000 SOO0 700 9000 11,000 13500 17,500 22,500 37,000
INCOME
FIGURE I-3

Auto Ownership Distribution
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Socioeconomic, mode choiée, and tripmaking statistics are required
by Worksheet I for each of the four marke; segments to be analyzed.

Typical sources for the types of data required include:

e Nomographic/formula techniques or other estimation procedures

e U.S. Census

o Recent or updated home interview surveys

e Traffic counts

o Transit ridership data

® Projections done in past years

e National average figures and relatiomnships

Household Data

In this case, income projections based on past Census data were
used to determine the average income for the corridor and the average
number of workers per household (column 3 and 4) in 1982. No informa-
tion on non-work tripmaking was available from the land use study which
provided the projections, so a portion of the quick response urban travel
estimation technique (2.1.2) was employed to estimate the non-work trip-
making behavior of the corridor's households. Table 2 of NCHRP Report 1871
(repeated here as Table I-1) provides average tripmaking rates by urban
area size, income range, and auto ownership level, as well as the typical
distribution of number of autos owned for each income range and the per-
centage of trips by major purpose. For urban areas between 750,000 and
1,000,000 population, and the $10 - 12,5 thousand income range, the follow-

ing information is presented:

Sosslau, et al., Comsis Corporation; Quick-Response Urban Travel Esti-
mation Techniques and Transferable Parameters: Users Guide; NCHRP
Report 187;-1978, '
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TABLE I-1

Detailed Trip Generation Characteristics

URRANIZED AREA POPULATION:

250,000-750,000

Fromersosd | uts | etdy Pereon | # 8 by Autos owaed® BITRS MY Aol Tae | Trine by Pursarer
(000's) ! Per EEG ITrips per mE°F— 0 T 1 1 3 T3+ 0 2 T 2 1 3+ Eevw | EBNV | NiB |
0-3 0.47 3.3 s8 | 37 510 1.4 5.6} 9.3]9.3 10 671 23
3-4 0.7 5.8 38 |so [10 |2 2.0 | 7.4 [10.8 {12.1 13 (31 23
45 0.88 6.9 29 | 57T 12 2 2.5 | 8.0 J11.5 f1n1.9 2 57 22
5-6 3.01 8.4 20 | 62 16 ]2 2.9 | 9.0 {12.1 j12.7 22 56 22
6-7 1.10 9.5 i 165 |19 |2 3.5 | 9.7 [12.7 J13.5 22 55 23
7-8 1.2k 10.9 8|6k |2s |3 4.0 J10.6 |13.5 fik.}4 20 55 25
8-9 1.33 n.7 6160 |30 & 4.6 J11.0 [1k.2 |25.3 20 S5 25
9-10 1.%0 12.4 L |57 |35 | & 5.2 J11.2 |1k.8 |16.2 20 55 25
. 10-12.5 1.58 13.5 2 |46 Ju6 |6 5.5 {11.3 |15.6 |17.6 20 55 25
12.5-15 1.72 14,6 2136 |53 1}9 5.5 |11.4 |16.4 [18.8 20 53 27
15-20 1.88 15.5 2 |26 |58 |1k 5.2 |11.5 {16.7 [195.1 20 52 28
20-25 2.0b 16.0 112 |59 |20 5.0 {12.0 |16.7 |18.6 20 50 30
25+ 2.08 16.2 1}17 |61 |2 5.0 |12.0 [16.7 [18.6 20 50 30
Wt. Avg. 1,41 18 12 | ue 37 |7 4.3 }10.0 J1k.k {15.8 20 55 25
URBANIZED AREA POPULATION: 750,000-2,00%00 -
lInczl;frgaggJ Avg Autos Da;.t{;r;ﬁ;son % EH by Autos Ovned® ;:«;r;gebga;g iie’rls&z:ogégg F %x_;:ggyb;ﬁiypoze son
000's) Per i_ Trips per HH 0 1] 213+ 0 1] 2 3+ HEW EENH Wi
0-3 0.47 1.9 8 {3r|] 510 0.8 | 3.2 5.7} 7.3 1 66 20
3-U 0.68 3.7 wo |s2| 8o | 20| us| 7.0]s.2 22 |s9 |
k-s 0.78 k.5 32 |58 Jo|o 2.5 | 5.0] 7.5 {10.0 28 53 19
5-6 0.8% 5.1 28 |60 120 2.7 5.6] 8.0 1.0 28 53 19
6-7 0.95 5.8 22 |62 1511 29} 6.1] 8.6 |11.6 28 53 19
7-8 1.06 6.5 16 |63 20 {1 3.0 | 6.5} 9.2 |12.2 21 53 20
8-9 1.16 7.2 12163 |23 ]2 3.2 | 6.9} 9.5 12.6 27 53 20
9-10 1.25 7.7 9|61 ]21}3 3.3 ) 1.1 9.9 |13.0 7 sk 19
10-12.5 1.1 8.5 5156 3]s 3.4 | 7.5]10.1 {13.6 26 53 21
12.5-15 1.60 9.4 2w Ju6 T 3.6 | T.5}10.7 |1k.2 25 53 22
15220 .77 9.9 2 {35 |s51]|12 | 3.6 7.6|10.7|2u.6 2k | s3 23
20-25 1.95 10.6 22k |56] 18 3.7 ] 7.0111.1}1L.8 2y s3 23
25+ 2.02 1.0 2120 ]58] 2 k.o ] 7.0}11.3]1k.8 23 Sk 23
Wt. Avg 1.31 7.6 s 8 |32}] 6 31| 6.5] 9.5|12.6 25 Sk 21

a. Total of internal and external trips generated by area residents.

b. Source: 1970 Census

¢. Source: Origin-Destination Surveys,

Source:

4. Calculated (using b)),

e. Calculated (using b and ¢),
f. Source: References (17 and 19)

NCHRP Report #187, Quick Response Urban Travel Estimation Techniques
and Transferable Parameters.
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Auto Ownership Level

0 1 2 3+
Average Daily
Person-Trips per 3.4 7.5 10.1 13.6
Household

The distribution of households by auto ownership was previously

determined to be:

Auto Ownership Level

0 1 2 3+
Percentage
of Total 11.5 59.0 28.0 1.5
Households

Applying this distribution to the average person-trip rates shown
above yields:

.115 X 3.4 + ,590 X 7.5 + .280 X 10.1 + .015 X 13.6 = 7.85 person trips
day

Both home-based non-work (HBNW) and non-home-based (NHB) trips were
included in the non-work trip category for this analysis. Table I-1 further
indicates that 53 percent of the total person trips are home-based non-
work and 21 percent axe non-home based. Table I-2 (Table 3 from NCHRP
187) indicates that for large urban areas, the number of auto driver
trips is approximately 53 pexcent of homebased non-work trips and 60
percent of non-home based trips. The average daily number of non-work

auto trips per household in the corridor can be approximated as:

7.85 Total Trips < .53 HBNW Trips % .53 Auto Trips + 7.85 Total Trips
Day Total Trips HBNW Trips Day
.21 NHB Trips .60 Auto Trips _ 3.19 Auto Trips

Total Trips x NHB Trips Day



TABLE I-
TRIP-GENERATION PARAMETERS

2

l PART A - TRIP PRODUCTION ESTIMATES ]
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% Average Daily % Average Daily Auto Person Trips Auto Driver Trips
Average Person ps Person Trips a3 & ¥ of Total as a % of Total
Daily by Mode by Purpose® Person Trips¢ Perscn Tripsd
Urbanized Person
Area Trips Public |Auto Auto
Population Per Transit | Passenger| Driver HBW | HBRW | NHB HEW | HBNW | NHB HBW | HBNW | NEB
50,000- 100,000 1l 2 4o s8 16 | é 23 9% | 99 98 70 | 54 68
100,000- 250,000 1k 6 30 6k 20 ST 23 88 97 ol 64 54 66
250,000- 750,000 12 8 31 61 201 55 25 8k | 96 92 62 | s4 64
750,000-2,000,000 8 13 30 57 25 ) sk 2 T4 | 93 86 56 | s3 60
[PART B - USEFUL CHARACTERISTICS FOR TRIP ESTIM.ATIOlq
External Travel Characteristics Total Areawide
Truck Trips
Urbanized % of Total External % of Total External as a £ of
Area Trips Pusin% Trips to Areawide Auto
Population Through Area the CBD® Driver Tripsf
50,000- 100,000 21 22 7
100,000~ 250,000 15 22 17
250,000- 750,000 10 18 16
150,000-2,000,000 4 12 16

PART C = TRIP ATTRACTION ESTIMATING RELATIONSHIPS
(All Population Groupings for either Vehicle or Person Trips)

TO _ESTIMATE TRIP ATTRACTIONS FOR AN ANALYSIS AREA, USE:

e X L2

HBW Trip Attractions = Fy D..’{ (Analysis Area Total Bnploymentﬂ

HBNW Trip Attractions = F2 10.0 Retail

Analysis Area
+
Employment

Analysis Are

Non-Retail
Employment

0.5

a>’

Analysis Ares
1.0 Dwelling
Units

Analj'sis Area Analysis Area [Analysis Ares
NHB Trip Attractions = F3 | 2.0 Retail + 2.5 | Non~-Retail + 0.5 Dwelling
Employment Employment Units

Where: Fy, F2 and F3 are areawide control factors.

TO DEVELOP AREAWIDE CONTROL FACTORS, USE:

F. = Areawide Productions for HBW Trips
1 1.7 (Areevide Total Bnploymentg

Areavide Productions for HENW Trips

F2 Areawide Areawide Areawide
10.0 Retail + 0.5 [Non-Retail + 1.0 Dwelling)
Employment, loyment Units / |
F. = Areawide Productions for NHB Trips
3 Areawvide Areavide Areavide
2.0 Retail + 2.5 | Non-Retail + 0.5 {|Dwelling
loyment, ploymen Units / |
a. From Table 2.
b. Source: Ref. (19).
¢. Source: Origin-Destinstion Surveys.
d. Calculated using ¢ end Table 12, Chapter Five.
¢. Source: Ref. (20).
£. Source: Ref. (19).
8. Source: Office of Planning Methodology and Technical Support, UMTA.
Source: NCHRP Report #187, Quick Response Urban Travel Estimation Techniques

and Transferable Parameters.
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All of these trips must be made by households owning autos. Since
11.5 percent of the corridor's households own no autos, the average daily

frequency of non-work auto trips for auto-owning households must be:

3.19 + .885 = 3.61 trips + 2 trips = 1,80 round trips
day round trip day

This figure is entered on column 4 of Worksheet I for the auto own-

ing subgroups,while "0" is entered for the two subgroups without autos.

Base Work Trip Modal Shares

Screenline counts on the freeway and major arterials leading from
the corridor into the central city and alighting counts on transit routes
serving the city from the corridor were conducted to determine:

o The total volume of auto person trips from the corridor

to the central city;

® The volume of transit riders in the corridor; and

e The distribution of auto occupancy for central city work trips

The information from these counts may be used to determine the base
mode shares required for the manual worksheet analysis.

Counts were conducted on a typical workday and yielded the following

results:
Total Auto Person Trips - 48,910
One Person - 23,230
Two Person - 16,042
Three Person - 5,016
Four+ Person - 4,622

Average Size of Four+ Carpool - 4.60
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|

Total Auto Person Trips to Fringe Area 19,564 (40% of Total)

Total Auto Person Trips to CBD 29,346 (60% of Total)

Total Transit Passengers to Fringe - 5,707 (407% of Total)

Total Transit Passengers to CBD 8,560 (60% of Total)
License plate numbers were recorded for a sample of the autos pass-
ing the screenline and vehicle registrations were checked to determine
the residence location of the driver. It was found that 45 percent of
the vehicles passing the screenline had origins outside the corridor, or
in locations within the corridor which would be unaffected by the HOV
lanes or improved bus service (areas A on the map of the corridor shown in
Figure I-4). Similar checks were made for bus passengers using boarding
counts on a sample of the routes, yielding an estimate of 10 percent of
downtown bound passengers on corridor routes who would be unaffected by
the proposed measures.
The person trip counts and the percentages of unaffected trips yielded
the following estimates of travel volumes and mode shares for central city

bound trips in the corridor which could potentially be affected by the

HOV lane proposal:

Auto Trips (Occupancy) Transit Total
1 2 3 4+ Trips Trips
Total} 12,776 | 8,823 | 2,759 2,542 12,840 39,740
Share| 32.2 22.3 6.9 6.4 32.2 100.0
(2

Worksheet I provides space for recording base mode shares of drive-

alone, carpool, tramnsit, and other modes only. Because two- and three-
person carpools will be affected differently from four-person-and-larger

carpools, the base shares for both of these size categories must be
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Proposed

@ HOV

Lanes
Ramp 3

- Freeway

0 miles 5
FIGURE I-4

Study Corridor and Proposed HOV Lanes
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recorded for this analysis. It was assumed that the mode shares for CBD and
fringe area workers vwere approximately the same. The average mode
shares for all households in the corridor are:

Drive Alone (DA): 32.2%

Two-, Three-person Carpools(SR23)= 29.2%

Four-plus person Carpools(SR4+)= 6.47

Transit 32.2%

Adjustments must be made to these average mode shares when record-
ing the base work trip mode shares for each market segment since the sub-
group not owning autos can not use the drive-alone mode. These adjust-

ments were accomplished as follows:

T SR
DA =0 ;T = . ; and SR =
o * 7o SRa + Ta (o] SRa + Ta
Where:
DAo = Drive Alone share for zero auto-owning households

T = Transit Share for the Zero Auto-Owning Subgroup

o
SRa = Shared-Ride Share (all carpools)
'1‘a = Average Transit Share
SRo = Shared-Ride Share for Zero Auto-Owning Subgroup
T. _T.F
DA. = DAa SR, = SRa - SRO'Fo T = 2 c'o
1 T 1 —5 1 Fl
1 1
Where:

DA. = Drive-Alone Share for Auto-Owning Subgroup

DAa = Average Drive-Alone Share
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SR. = Shared-Ride Share for Auto-Owning Subgroup
T, = Transit Share for Auto-Owning Subgroup
Fo = Fraction of Households Owning Zero Autos

F. = Fraction of Households Owning One or More Autos

Applying these formulas to the average mode shares for the corridor,
and assuming that the breakdown of carpools by size (82.0 percent of
carpools are two or three persons) is not dependent on auto ownership

yielded the following mode shares for each market segment:

Subgroups 2 and 4: DA0 =0
SRy = ez, = -525
T, = g = 475
SR23= .525(.820) = .431
SR4+= .525(.18) = .094
Subgroups 1 and 3: DA1 = f%%% = ,364
SRl - :ggg - .525(.115) _ .334
T1 - :ggg - .475(.115) _ .302
SR23= .334(.82) = .274
SR4+= .334(.18) = .060

The mode shares for each subgroup are entered on colums 5 through 8 on
Worksheet I. Note that the share for other modes is zero in this case.
Also note that if the average mode shares had been different for the

fringe and CBD areas, the above calculations would have been carried out

separately for each subgroup.
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Average Carpool Size

The average carpool size, required in column 9, may be calculated
from the distribution of auto occupancies available in the screenline
count data. Once again, distinction must be made between two- and three-~
pexson, and larger carpools. The average size for two- and three-person

carpools is:

2( .223 )+ 3¢ .069

323 + .069 273 + .069 ) 2.2

The average occupancy of larger carpools was found to be 4.6 according

to the screenline counts.

Average Trip Length

The final pieces of base data required for the analysis are work and
non-work trip lengths. In this analysis, average work trip length was
determined using approximate measurements on a map of the area and a know-
ledge of the distribution of traffic entering the freeway along its
length. Figure I-4 shows the planned entrance ramps for the freeway HOV
lanes. The percentage of the total freeway traffic currently entering

at each point is known to be:

Ramp 1 (8.5 miles from the CBD) - 40%
Ramp 2 (11.5 miles) - 20%
Ramp 3 (15.0 miles) - 20%
Ramp 4 and beyond (16.5 miles) - 20%

The fringe area and the CBD are about 5 miles apart, so the freeway
portion of average trip lengths in the corridor is 7 miles for

fringe area work trips and 12 miles for CBD work trips. The
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population distribution in the corridor and the location of major arterials
paralleling the freeway indicate that the average freeway and arterial
access distance is about 2 miles, and central city circulation accounts
for about 0.5 miles on the average. The total trip lengths of 14.5 and

9.5 miles for CBD and fringe trips are recorded in column 10 of Worksheet I.
Non-work trip length data was not available for the area, so a 3-mile

trip length was assumed for auto-owning households based on national aver-
age trip length figures. Non-work trip lengths for households without autos

are not needed since it is assumed that these households make no auto trips.

Average Dally VMT

The information required in the final three columns of Worksheet I
will be calculated using Worksheet I-A. Worksheet I-A is executed for
each of the four population subgroups using data from Worksheet I. The
entries for subgroup 1 are shown as an example. As in the case of the
base data, separate consideration of two-and three-person and four-plus
person carpools is necessary. Base autos used per worker for 'subgroup 1

is calculated:

.274 (2,3 carpool share) * 2.2 (persons ) + .060 (4+ carpool share) +
2,3 carpool

4.6 (Persons ) + .364 (Drive-alone share) = .502 autos
4+ Carpool worker

Similar calculations are made for the other three subgroups.

Changes in Transportation Level of Service (LOS)

Worksheet II-A is used with the slight modifications shown to record

L0S changes for carpools of differing size. The base carpool size shares
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I-A. BASE VMT

POLICY: HOV Lane
SUBGROUP: 1
1. BASE HOUSEHOLD WORK TRIP VMT
Base Base Base
Shared Ride Base Average Drive Alone Autos Used
Modal Share Carpool Size Modal Share r Worker
’274.060 - 2.2 a6l + .364 = .502
Base Base
Autos Used No. of Workers Work Trip Household
per Workers per Household Length Work VMT
.502 X 1.2 X 14.5 X 20 = 17.47

2. BASE HOUSEHOLD NON-WORK TRIP VMT

No.of Non-Work  Non-Work
Auto Trips Trip Length

1.8 X 3 X 20

3. BASE_HOUSEHOLD TOTAL VMT

Base Base

Household Household

Work VMT Non-Work VMT
17.47 + 10.8

Base
Household Non-

Work VMT

10.8

Base
Household
Total VMT

28.27
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and average size of four-plus person carpools required by Worksheet
II-A have already been determined. The LOS changes must be estimated
separately for each population subgroup and carpool size and recorded

on Worksheet II-A.

1. CBD Workers (Groups 1 and 2)

Two- and Three-person Carpools - All autos will experience delays

due to construction in the downtown area. The average diversion of autos
due to the construction is expected to be about .5 mile. Current travel
speeds downtown are 17 mph, so the diversion translates into 1.76 minutes
in each direction or 3.5 minutes of additional travel time for the round
trip. This is the only impact expected for two- and three-person carpools
since they cannot use the HOV lane.

Four-plus person carpools - These autos will experience the 3.5-

minute delay downtown, but will also save time because they can use the HOV
lgne.. As noted earlier, the average length of the freeway section of
downtown-bound trips is 12 miles, or 24 miles rcund trip. Because of con-
gestion during the peak hour, the average speed on the freeway is now 22 mph.
The average speed for the HOV lanes is expected to be about 50 mph. The

average time saved on the freeway for four-plus person carpools will thus be:

24 miles x 60 min. _ 24 miles % 60 min
22 mph hr. 50 mph hr

= 36.7 minutes

To obtain these time savings, some of the carpoolers will have to go
out of their way to get to the freeway (rather than using one of the major
arterials in the corridor which would provide a more direct route to the

central city). Standard diversion curves may be used to determine the degree
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to which the HOV lanes will cause carpoolers to divert from their current

2 based

routes on the major arterialsgl Curves developed by Moskowitz,
on time savings via a freeway wversus arterials, and the extra distance
required to use the freeway, are particularly useful for this analysis

(See Figure I-5). In order to apply the curves, a knowledge of the distri-
bution of the population by distance from the freeway is necessary. Land

use maps of the corridor indicate that in 1982, the following distribution

will exist:

Distance from Percent of Corridor
Freeway Population

0-1 miles 30.0%

1-2 miles 26.3%

2-5 miles 30.2%

5+ miles 13.5%

Currently, 26 percent of the corridor traffic to the central city uses
the freeway. Given the current freeway speed of 22 mph and arterial speeds
averaging 20 mph,‘it is assumed that all of the travellers currently using
the freeway must live within one mile of the freeway, since there are no
time savings associated with diversions to the freeway from greater distances.
However, with the imstitution of reserved lames for buses and carpools, di-

version can be expected to occur to a much greater degree.

1 For a compilation of typical diversion curves, see Martin, B.V., F.W. Memmott,

and A.J. Bone, Principals and Techniques of Predicting Future Demand for
Urban Area Transportation, January, 1963.

2 K. Moskowitz, "California Method of Assigning Diverted Traffic to Proposed
Freeways," Highway Research Bulletin 130, 1956.
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The net one-way time savings for each of the above distance categories
may be calculated:

36.7 minutes d

N 7 - %0 mpn * 60

where: d the average distance from the freeway

These time savings may then be used in combination with the extra distance
associated with freeway travel to enter the route diversion curves and
determine the proportion of the population in each distance category which
will use the freeway. The net travel time savings, extra distance travelled
and percent of the four-plus person carpools within each distance category

diverting to the freeway are shown below:

Percent of 4+
Distance Net Travel Extra Distance Person Carpools Using
Category | Time Savings Travelled Freeway HOV Lanes
0-1 16.9 min. 0.5 mile 100%
1-2 13.9 min. 1.5 miles 80%
2-5 2,9 min, 3.5 miles 53%
5+ 0 min. 6.5 miles 0%

The average round-trip travel time savings for all carpools in the corridor
may be calculated from the percent diversion for each distance category,
the percent of the population in each category, and the round-trip net time
savings, recalling that 26 percent of the population (all within one mile

of the HOV lanes) would not divert from their current route at all:
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.26(36.7) + 1.0(.30 - .26) (16.9)(2) +

.80(.263)(13.9)(2) + .53(.302)(7.9)(2) = 19.2 minutes

These carpoolers will be delayed, along with all other auto traffic in the
downtown area, by 3.5 minutes. Therefore, thenet time savings will be 15.7
minutes overall for four-plus person carpools bound to the CBD. This is
entered under AIVTT for four-plus person carpools on Worksheet II-A for

sub-groups 1 and 2.

2. Fringe Area Workers (groups 3 and 4)

Two- and Three-person Carpools - Approximately half of the

employees in the fringe area will be affected by the employer carpool
parking policy. Among these employees, single-occupant auto drivers will
have longer walks, on the average, from their parking spaces to their
offices, while carpoolers will have shorter walks. The current average
walk distance for all employees is approximately 700 feet. Under the pre-
ferential policy, the average walk distance for all carpoolers will be

350 feet. Walking speed averages 264 feet per minute (3 mph), so the one-
way walk time savings for carpoolers ave:ages'1;33 minutes. This savings
is doubled for the round trip, but only half the fringe area employees
would be affected, so the average impact for all employees is a 1.33 minute
round trip savings. This is recorded on Worksheet II-A in column 5—AOVTT.

No other changes in LOS are expected for two- and three-person carpoolers.

Four-plus Person Carpools - These travellers will enjoy the 1.33-

minute OVIT savings from preferential parking, plus travel time savings on

the HOV lanes of the freeway. The freeway travel time savings, based on a
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11-A. CHANGES IN TRANSPORTATION LEVEL OF SERVICE BY CARPOOL SIZE
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7-mile average distance is estimated to be 22.9 minutes for fringe area
four-plus person carpoolers. Using the same distance categories, diver-
sion curves, and calculations as in the CBD-bound case, the following

results are obtained:

Percent of 4+
Distance Net Travel Extra Distance Person Carpools Using
Category | Time Savings Travelled Freeway HOV Lanes
0-1 10 min. 0.5 mile 90%
1-2 7 min. 1.5 miles 70%
2-5 1 min, 3.5 miles 18%
5+ 3.5 min, 5.0 miles 0%

Average Round trip savings:
.26(22.9) + .90(.30 - .26)(20) +

.70(.263) (14) + .18(.302)(2)

9.36 minutes

This savings figure is entered under AIVIT for four-plus person carpools
for .subgroups 3 and 4.

As illustrated in Figure I-2, changes in carpool size as a result of
the differential impact of the transportation measures on two-, three-, and
four-plus person carpools must now be determined. The new proportions of
carpools by size will then be used to calculate the average level-of-service
impact on the carpool mode as a whole. Worksheet III-A is used to estimate
the changes in the distribution of carpool sizes. The analysis of this
particular carpool/bus lane proposal requires a non-standard use of
Worksheet III-A, since only carpools with four or more members are eligible

to use the reserved-lane facility. The only change required is to include
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two- and three-person carpools in the calculations of change in utility for
carpools with two members, and only carpools of four or more members in the
three-plus person carpool calculations. The average two- and three-person
carpool size of 2.2 is substituted for the two-person carpool size, and the
average four-plus carpool size of 4.6 is used for the average three-plus
carpool size in the calculation of overall average carpool size.

Worksheet III-A is used once for each of the population subgroups.
The calculations for subgroupsland 2 are provided as an example (the
calculations for groups 1 and 2, and groups 3 and 4 are identical). All
_ of the data required for Worksheet III-A has been recorded on previous
worksheets.

The revised changes in shared-ride LOS calculated in Section 3 of
Worksheet III-A represent the average changes in service quality for the
ridesharing mode, given the changes in carpool size which are likely to
occur because of the difference in impact of the planned transportation
measures on four-plus person carpools relative to smaller carpools.

These average shared-ride LOS changes are now entered on Worksheet II;
along with the LOS changes for the other modes described in the following

sections.

Drive Alone

The only impact on drive-alone trips to the CBD will be the 3.5-minute
delay for downtown circulation due to construction. This will affect
subgroup 1 only, since subgroup 2 does not have the drive-alone option

available.
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POLICY: HOV Lane

SIZE SUBGROUP: 1/2
1. CHANGE IN UTILITY FOR EACH CARPOOL SIZE
ANVTTS
2,3 Person Carpool avtnry =| =015 | x| 3.5 | =
. Trip_Len _AOVTT:
+{ -16 + 14.5 | X 0 I 2.3p =|I:|
2 Person
_Income OPTC, Carpool Size
+[ -200 |+[13,440 | x 0 |+ 2.2 |={ o |
incentiv ‘
+| .29 X 0 | = 0 |
TOTAL CHANGE
AVTTs
4+ Person Carpool  AUTILITY = [-015 | x [-15.7 ] =
‘ Triplength  AOVTT: .
+[-96 1+ [ 145 IX'_ 0 l Averace 4e  —2 I
, rage
income AOPTC: Carpool Size
+}|-200 |+ /|13,440 | x 0 +| 4.6 = 0
incentives
+ .29 X 0 = 0
2. REVISED CARPOOL-SIZE SHARES TOTAL CHANGE
Base Share AUtility Total Share Revised Share
2,3 Person X EXP| -.053 ]=| .778 J-l 1.006 |=| 773 |
4+Person | , ig80 | X EXP | -.236 | = .228 | ¥ |1.006 = | _.227
A
3. REVISED CHANGES IN SHARED i
RIDE_LEVEL-OF-SERVICE (LOS) Share =| 1.006
Revised 2,3 2,3 Person Revised 4+ 44+ Person Shared Ride
Person Share ALOS Person Share _ ALOS ALOS
AIVTT 773 | x| 3.5 |+ | .227 |x|-15.7 ={ -.858
AOVTT .773 X 0 + .227 X 0 = 0
AOPTC .773 | X o [+ ]| .227 X| 0 =L o |
incentives| - X - |+ - X - |= 0
4. REVISED AVERAGE Revised 2 2,3 Person Revised 4+  Average 4+ Revised Average
’ c L SIZ Person Share Carpool Size ?erson Share Carpool Size y Carpool Size
1.0 773 | e[ 2.2 )4( 227 | <] 4.6 ): 2.50
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Half of the drive-alone commuters bound to the fringe area will be
affected by the preferential carpool parking policy planned by some employers.
The average walking distance for those who do not carpool is expected to
increase to 1,500 feet from the current average of 700 feet. At 264 feet
per minute (3 mph), the 800-foot increase in walking distance will delay
drive-alone commuters 3.0 minutes. Half the employees will experience
the delay twice daily, so the ;ound—trip average change in OVIT is +3.0
minutes. Again, this will only impact auto-owning households (subgroup 3).

These LOS changes are entered on Worksheet II under Drive-Alone.

Transit

Two important changes in transit level of service are associated with
the proposed plan. Travel times will be reduced on those routes which use
the HOV lanes, and wait times will be lowered due to higher frequency
service,

It is assumed that the distribution of bus passengers entering the
freeway high-occupancy vehicle lanes will be similar to that for carpools
and autos, and that the average one-way distance for buses going to the
CBD will be 12 miles on the HOV lanes, and the average to the fringe area
7 miles. It is also assumed that buses will travel 50 mph on the lanes,
compared to 22 mph under current conditions. According to the plans of
the bus operator, approximately 60 percent of the buses serving the corridor
will use the HOV lanes. Therefore, the average time savings for central

city-bound bus passengers in the corridor will be:
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.12 miles _ 12 miles minutes
CBD—Bound.(ZZ mph 50 mph ) x 6 hours

one-way trips)

x 0.6 (fraction using HOV lanes) x 2( round trip

= 22.0 minutes
Similarly,

( 7 miles 7 miles

Fringe area-Bound: 22 mph - 35 ph

) x 60 minutes per hour

one-way trips)

x 0.6 (fraction using HOV lanes) x 2( round trip

= 12.8 minutes

These average savings in bus IVIT will be enjoyed by all residents in the
corridor, regardless of auto ownership.

The bus fleet serving the corridor will be doubled to take advantage
of the HOV lanes and encourage their use by commuters in express buses.
On the average, it is estimated that headways will be cut in half, although
headways on some routes will be improved more than on others. The average
headway for radial routes in the corridor is now 20 minutes, and should be
reduced to 10 minutes when the new services are in place. Assuming waiting
times are approximately half the headway, a 5-minute average reduction in
waiting times (OVIT) for all central city-bound bus passengers will
occur., No changes in bus fares are planned.

The average drive-alone, shared-ride, and transit changes in level of
service should now be entered on Worksheet II. This completes the prepara-
tion of input data for the analysis, and the analyst is ready to begin

Step 5 using Worksheet III.
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Il. CHANGES IN TRANSPORTATION LEVEL &F gERVICE (ROUND TRIP)

HOV Lane

POLICY:

Transit

Out-of-Pocket
Travel Cost
AOPTC, ¢

Out-of-Vehicle
Travel Time
A OVTT, min

"'5'0

-5.0

—5.0

"'5.0

In-Vehicle
Travel Time
A'VTTt min.

-22.0

-22.0

-12.8

-12.8

Shared Ride

Carpool Prom-
otion & Match-

ing Incentives
ing 01

0

0

Out-of-Pocket
Travel Cost
AOPTC,, ¢

0

0

- Qut-of-Vehicle
Travel Time
AOPTCsr min.

-1.33

-1.33

in-Vehicle
Trayel Time
AWVTT,, min.

-.86

~.86

~-1.89

-1.89

Drive Alone

Out-of-Pocket
Travel Cost
AOPTCy4, ¢

Out-of-Vehicle
Travel Time
AOVTT,,; 'nil'l.

+3.0

In-Vehicle
Travel Time
AIVTTy, min,

+3.5

Population
Subgroup
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G. Description of Model Application

Steps 5 and 6 of the analysis are accomplished using Worksheets III,
IV, V, and V-A, Worksheet III is executed four times, once for each of
the four population subgroups being analyzed to determine new mode shares
as a consequence of the changes in LOS. The worksheet for subgroup 1
provides an example of the flow of data from previous worksheets and the
calculations required for each subgroup.

The change in level of service required for each mode is taken from
Worksheet IT for each market segment. 1In this case, drive-alone AIVTT is
3.5, shared-ride AIVIT is -.86, transit AIVTT is -22.0, and transit AOVTT
is -5.0. All other level-of-service changes are zero. The required trip

length and income statistics for subgroup 1 are obtained from Worksheet I,

along with the base mode shares required in Part 2 of the Worksheet. The
shared-ride share used in Worksheet III is the combined two-, three-, and
four-plus person share (33.4 percent for sub-group 1.). The A utility
inputs in Part 2 of Worksheet III are the "total changes" calculated for
each mode in Part 1 of the same worksheet. The mode shares calculated

in Part 2 reflect the predicted travel response of the particular subgroup
to the proposed plans. Thus it is possible through the use of the manual

worksheets to isolate the impacts of proposed transportation measures on

particular population groups.

The new mode shares calculated using Worksheet III are then used,
along with data from Worksheet 1-A (base work and non-work VMT, trip

lengths, and workers per household) and Worksheet III-A (revised average
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. ESTIMATION OF REVISED WORK-TRIP POLICY: ___HOV Lane
MODAL SHARES SUBGROUP: 1
1 CHANGE_IN UTILITY FOR EACH MODE AVTTg,
Drive Alone AUTILITY = | —015 X] +3.5 |=]-0.053
Trip Length AOVTTy,
Income AOPTCqg,
+| =200 {=+|13,440 [X]| o = 0
TOTAL CHANGE | -0.053
AIVTT,
Shared Ride auTiry T | =015 [X| -.86 =]+0.013
Trip Length ~ AOVTT,
+| -6 | 145 |X| o = 0
Average Car-
income AOPTCg, poo! Size
4| -200 |+[13,400|X] o |=] 2.5 =] o
Incentives '
+{ 29 |X| -- =[ o ]
TOTAL CHANGE | +0.013
IVTT,
Transit AuTILTY =] =015 |X] -22.0 |=|]+0.330
Trip Length OVTT,
+| -36 <[ 14.5 [X| -5.0 |=]+0.055
income OPTC
+{ -200 |+=]13,440 |X| o |=| o |
+0.385
2. REVISED MODAL SHARE TOTAL CHANGE
Base Modal Share AUtility Total Revised Share
Drive Alone =] -364 lexp -.053 |=| .345 |=| 1.127 |=| .306
{
Shared Ride =| -33% (X Exp| +.013 |=] .338 |<+| 1.127 |=| .300
Transit =1 .302 X Exp| +.385 |=| .444 |[<] 1.127 |=] .39%
Vanpool = Xexp| - |=| -- = - |= -
ower = x w =+ J==
4
Yotal =] 1.127 |—
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carpool size) in executing Worksheet IV for each population subgroup.
The revised work and non-work VMT calculated for each subgroup on Work-
sheet IV is then summarized and translated into average corridor-wide
changes in work and non-work VMT on Worksheet V. Worksheet V-A is used
to summarize the predicted mode share impacts and calculate corridor-
wide average mode shares under the new conditions. An example of the
use of Worksheet IV is provided for subgroup 1, and the attached Work-
sheets V and V-A show the predicted impacts of the proposed HOV lane
plans for all population subgroups in the corridor.

In order to isolate the impacts of the proposed plans on four-plus
person carpools, the revised two- and three-person, and four-plus person
carpool shares calculated in Worksheet III-A for each market segment must
be applied to the revised overall carpool share calculated on Worksheet III.
This is done on the sample Worksheet V-A. Note that the vanpool sections
of Worksheets III, IV, V, and V-A are ignored for this analysis. Also, the
non-work VMT section of Worksheet IV can be ignored for subgroups 2 and 4

since these subgroups do not make non-work auto trips.

H. Impact Assessment

To determine the impacts of the mode shifts and percentage changes in
VMT summarized on Worksheets V and V-A on HC and NOx emissions in the cor-
rider (Step 7 of the analysis), total VMT changes must be calculated. The

distribution of auto person trips by auto occupancy level (pg. 11) yields:

12i776 + SifB + 2259 + 23?2 = 18,743 auto trips

We know that 40 percent of the work trips average 9.5 miles one way and

60 percent average 14.5 miles one way. The total base work VMT is then:
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IV. ESTIMATION OF CHANGES IN VMT

POLICY HOV Lane
1. REVISED HOUSEHOLD WORK TRIP VMT SUBGROUP 1
Revised Rev:secl Revised Revised
Shared Ride Averag Drive Alone Autos Used
Modal Share Carpool Size Modal Share Per Worker
.300 «| 2.5 +}] .306 =1 .426
Autos Used No. of Work Work Tri
. eS
D Worker,  per Household Length Auto VMT
426 X 1.2 X] 14.5 X 20 = 14.82
Revised Average Vanpool
Vanpool Vanpool No. of Workers Work Trlp c"c%?& Vangool
Modal Share Occupancy  per Household Length Factor VM
- = - X - X - X - X 2.0 = -
Total Revised
Household 14.82
Work VMT
2. CHANGE IN HOUSEHOLD WORK TRIP VMT
Revised Household BaseWork Change in Base Work % Change in
Work-Trip VMT Trip VMT Work TripVMT  Trip VMT Work Trip VMT
14.82 |- 17.47 |=1 -2.65 |+ 17.47 | X 100 =] -15.17

3. REVISED HOUSEHOLD NON-WORK TRIP VMT

Base Revised Chang
Autos Used Autos Used No. of Workers Autos Remammg
‘ per Worker per Worker }per Household per Household

l .502 = 426 X| 1.2 = (+.0912
Change in
Autonngemaining Base Non - Revised Non-
per Household Work VMT Work VMT
{ +.0912 | x .08 + 10 }X 10.80 =1 10.88

4. CHANGE IN_TOTAL HOUSEHOLD VMT FROM BASE

Revised Work Revised Non- Revised
Trip VMT Work VMT Total VMT

| 14.82 | +{ 10.88 | = }125.70
Base Total VMT

- 128.27 __l % Change in
_ Total VMT
Change in

Total VMT -2.57 + 1 28.27 X | 100

-9.09
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V. SUMMARY OF CHANGES IN VMT
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V-A. SUMMARY OF CHANGES IN MODAL SHARES
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(0.4 x 9.5+ 0.6 x 14.5) x 18,743 x 2 = 468,575 VMT/day
This VMT must be apportioned among the four population subgroups. The

total work VMT accounted for by each market segment is given by:

VMT‘ = Fa X HHVMTa + HHVMTt X VMTt
where:
VM.‘I‘a = Work VMT for subgroup A
Fa = Fraction of population in subgroup A
HHVMTé = Household work VMT for subgroup A (from Worksheet I-A)
HHVM.Tt = Average Household Work VMT for all subgroups
VM.‘I‘t = Total work VMT for all subgroups

The average household work VMT for the corridor (HHVMTT) is calculated

by adding the product of HHVMT and Fa for all subgroups:
17.47(.531) + 7.52(.069) + 11.45(.354) + 4.77(.046) = 14.07 miles/day

The subgroup daily work VMT may now be calculated:

_ 531 x 17.47

vMT, 14.07

x 468,575 = 308,939 miles/day

Similar calculations for each subgroup yield work trip base VMT which may
be used in conjunction with the percent change in VMT figures summarized

on Worksheet IV for each subgroup to obtain total VMT changes:
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Base Proportional Revised
Subgroup Work VMT Changes in Work VMT
Work VMT
1 308,979 mi. -.152 262,014
2 17,283 mi. -.198 13,861
3 135,005 mi. -.112 119,884
4 7,308 mi. -.088 6,665

Similar estimates must be made for non-work VMT as well, but they
need only be made for subgroups 1 and 3. Worksheet I-A indicates that
the base household non-work VMT for both subgroups 1 and 3 is 10.8 miles.
The base total non-work VMT for these groups may be found by simply taking
the ratios of base household non-work VMT to work VMT and multiplying by
the subgroup work VMT totals above. Worksheet IV then provides the propor-

tional change in non-work VMT for the two subgroups required to develop

the following estimates of non-work VMT changes:

Base Proportional Total

Subgroup | Non-Work VMT Changes Change
1 191,012 +.007 + 1,337
3 127,341 + .005 + 637

The emissions worksheets method (4.1) may now be used to forecast HC and
NOx emissions changes in the corridor. Reference to Emissions Tables

D.1 through D.6 in Volume I is required.
Worksheet VI-A is used twice to calculate base and revised corridor
VMT and the number of trips made by trip purpose using the base and re-

vised VMT by population subgroup as calculated above. The average travel
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speeds for each population subgroup are assumed to be the same for the
base and revised cases. Alternatively, actual average vehicle speeds
could be calculated based on the mode split between 4+ person carpools
and autos, and knowledge of trip speed and length for each mode. Based
on this assumption, start-up and travel emissions may be calculated
for the corridor as a whole, rather than for each market segment, using
Worksheets VI-C and VI-D. Worksheet VI~B is used to determine the per-
centage of cold starts for work and non-work trips for the study year.
Because parking duration data is not available for the study corridor,
Emissions Table D.1 provides the necessary 1982 cold start percentages.

Worksheets VI-C and VI-D are each executed twice, once for the
base case, and once for the revised situation. The use of the worksheets
is straightforward, using data from the Emissions tables and work-
sheets as noted. A summer ambient temperature of 75 degrees is assumed
based on historical data. |

The cold start HC factor for work trips is obtained by simple linear
interpolation in Emissions Table D.2.Two dimensional interpolation is re-
quired to determine the cold start HC factor for non-work trips. The procedure
for accomplishing two (and three) dimensional interpolation is described
in Vol. I, SectionD.4. The calculations for the study corridor appear

below, with steps corresponding to those outlined in Section D.4.



1. Identify bracketing values.

X1 = 70, X

Z, = 50, Z

1
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80

60

2. Read emissions factors for bracketing combinations from Table D.Z2.

Combination
70 , 50
70 , 60
80 , 50

80 , 60

3. Compute fx and fz.

e - I5-70
X~ T80 - 70
f = 51-50
z~ 760 - 50

4. Compute emissions factor.

e; = 5 x .3x6.2
5% .7 x6.9
.5 x .3x5.7

S x .7 x6.2

Emission Factor

6.2
6.9
5.7

6.2

.5 (Ambient temperature of 75 degrees)

«7 (57 percent cold starts)

The value 6.37 is entered for the non-work cold start HC factor omn

Worksheet VI-C, column 8.
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The NOx factors required by Worksheet VI-C are obtained in a similar
manner from Emissions Table D.4. The work factor is obtained directly and the
non-work factor requires simple interpolation. The final input to Worksheet
VI-C, Hot Soak HC factor, is read directly from Emissions Table D.5 for 1982.

Worksheet VI-D is used to determine travel, or VMI-related, emissions
for the base and revised alternatiges. For simplicity, average speeds of 20
mph for work trips and 30 mph for non-work trips are assumed. Emissions fac-
toré for 1982 and average speeds of 25 and 30 mph may be read directly from
Emissions Table D.6 and entered on Worksheet VI-D. Worksheet VI-A supplies
the necessary VMT total work and non-work figures for the corridor.

Worksheet VI-E may now be used to summarize the net HC and NOx emis-
sion reduction associated with the HOV lane. The data sources for this
worksheet are noted for each item. All of the emissions changes are given

in grams per day.

I. Interpretation of Results

Large reductions in ozone forming emissions and total VMT are predic-
ted for the proposed combination of carpool and bus enhancements in the
corridor. The 67,500 mile reduction in daily work VMT (Worksheet III-1)
represents a decrease of more than 14 percent from the current level of
468,375 miles per day. The predicted HC and NOx emissions decreases
shown on Worksheet VI-E are each on the order of one-fifth of a ton per
day. Although some of the input data items for the analysis procedure
represented somewhat rough estimates of existing conditions in the cor-

ridor, the magnitude of the predicted impacts on VMT and vehicle emissions
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indicate that significant beneficial impacts can be predicted for the
proposal with a high degree of confidence.

In general, the types of mode shifts which were anticipated prior
to the analysis are predicted to occur. The corridor-wide average mode
share estimates from Worksheet V-A indicate that the major impact of the
proposed measures is an increase in bus patronage--on the order of 25 per-
cent. Both drive-alone commuters and carpoolers are predicted to switch to

buses, with the overall share for each auto mode decreasing. However,
the number of four-person-or-larger carpools is predicted to increase by
about 11 percent in response to the greatly improved travel speeds these
carpools will enjoyl. The combination of lower overall carpool share and
higher four earpool share impties an increase in the average size

of carpools in the corridor. From the impacts predicted using the manual
analysis techniques, it can be seen that the proposal will achieve its
major goals of decreasing fuel consumption and vehicle emissions through
increases in the use by commuters of large carpools and buses.

The air quality and fuel conservation potential of the planned
measures as generally proposed is quite certain; further, more detailed
analysis is not required to establish the desireability of pursuing imple-
mentation. However, in the project's later planning stages, it
may be desirable to do a more detailed analysis to select the most attrac-
tive detailed implementation plan. This analysis would necessarily be at
a much more specific and complex level, requiring the use of computer-based

techniques such as SRGP.
1

Note that all percentage figures apply only to trips between the study
corridor and the CBD and fringe areas. On a regionwide basis, percentage
changes will be much smaller.
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DOWNTOWN AUTO RESTRICTED ZONE



CASE STUDY II: DOWNTOWN AUTO RESTRICTED ZONE

A. Problem Presentation

The major retail and office employment center of a large eastern
city experiences recurring heavy traffic congestion throughout much of
the day. During the peak travel period, traffic tie-ups in the area lead
to congestion problems throughout the central business district of the
city. This congestion contributes to the poor air quality of the metro-
politan area as a whole (which is in violation of the ozone heélth
standard), and is the major cause of high levels of carbon monoxide in the
CBD. There is also a general consensus within the downtown business
comnunity that the current traffic situation within the area is contribu-
ting to declining retail sales and a general deterioration of the area's

shopping environment.

B. Proposed Transportation Measures

In response to the congestion problems in the area and the desires
of retailers to improve shopping conditions, a plan incorporating the
removai of traffic from sections of two major streets in the shopping
district has been developed. The plan also provides for the rerouting
of auto traffic around the auto restricted zone (ARZ) and new routings
for buses on the auto restricted streets and reserved lanes on streets
adjacent to the ARZ. The plan has reached a high level of maturity

including a detailed assessment of the likely changes in the traffic flows

on streets in the CBD and the specification of bus routings and stops in
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the area. However, no analysis of how the proposed measures will affect
the mode choices of travellers to the ARZ or vehicle emissions in the
metropolitan area has been conducted. Additionally, there is some con-
troversy over whether a free shuttle bus service proposed by some of the
retailers should be provided between the ARZ and the parking lots and
major transit terminals which surround it. A quick analysis is necessary
to determine the relative air quality impacts of the planned ARZ with and
without the proposed shuttle bus service.

Work and non-work trips to the ARZ must be considered in the analysis
since the proposed changes will have a direct impact on the relative
levels of service offered by the different modes for all trips. The auto
restrictions proposed under the ARZ plan will tend to increase in-vehicle
travel time for all auto users destined to the immediate area proposed for
auto restriction. Increased circuity due to the necessity for autos to
travel around, rather than through, the auto restricted area will be pri-
marily responsible for the increase in travel time for auto trips. Out of
vehicle travel time for both auto and transit will be reduced because of
the ARZ. The removal of traffic from the ARZ area will lead to easier and
faster walking for all pedestrians, while the routing of bus lines direct-
1y into the area will shorten the walk from the bus stop to the final
destination for transit riders. Since on-street parking is currently not
available on the proposed auto restricted streets, and access will continue
to be provided to all off-street parking facilities, walking distances
for auto travellers will not change. If shuttle bus service is provided

to the parking garages and transit terminals, further out-of-vehicle
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travel time reductions will be experienced by both auto and transit users.
In summary, the following level-of-service changes are associated

with the ARZ proposal:

Transportation Measure Level-of-Service Impact
1. Removal of Autos from - Increased in vehicle travel
Shopping District Streets time (IVTT) for auto users
to the ARZ

- Reduced out-of-vehicle
travel time (OVTT) for auto
users

- Reduced OVIT for tramsit
users

2. Free Shuttle Service - Reduced OVIT for auto

users

- Reduced OVIT for transit

users
All of the proposed actions will be taken by 1982. Because the short-
term effects of the auto restrictions are of primary interest, 1982
is selected as the analysis year.

The proposed measures are expected to affect both work and non-work
travel to the ARZ. The extra access time for auto trips is expected to
lead to a shift to transit, which already carries the majority of the
area's workers. Improved (reduced) walk times from transit stops to em=-
ployers in the area will further improve the service offered by transit
relative to auto.

The overall effect of the proposed measures on the number of people

travelling to the ARZ for non-work purposes is uncertain. Some argue that
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the improved walking conditions associated with the removal of traffic
from the area's streets will attract more people. Others contend that
making the area more difficult to reach by auto will make it less
attractive than other shopping areas in the city, causing an overall

reduction in the numbers of non-work trips to the area.

C. Selection of Analysis Technique

Because the removal of autos from the streets in the core of the
city's retail center has been accepted as a desireable action and since
the ARZ plan has reached a fairly high level of detail with respect to
auto traffic and bus routing, a detailed demand and air quality analysis
is not required. A simple comparison of the impacts of the ARZ with and
without the proposed shuttle service, yielding order of magnitude esti-
mates of the emissions changes likely to occur under each scenario, will
be sufficient to make a decision on the provision of the shuttle service.
Because the amount of time allocated to the analysis is limited, and a

programmable calculator is readily available, the program 3MODE(VAN)-AGG

(2.2.3)1 is selected for computing the mode share and VMT impacts of the

two ARZ scenarios. The manual emissions worksheets (4.1) and auto fuel

consumption and operating costs method (4.2) are used to develop air quality

impact estimates based on the predicted VMT changes. In addition, system—

atic data analysis methods (2.1.3) are used to specify base case conditionms.
A non-standard application of the calculator program is necessary

for the analysis of non-work trips. A model of joint destination and

mode choice for non-work trips is used in place of the standard work trip

model incorporated into the calculator program. This is accomplished by

1The section numbers following specified analysis methods refer to the
location of their description in Volume I.
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replacing the default model coefficients in the program with user-
supplied coefficients based on the non-work model. The worksheets for
preparing input data for the program and for summarizing the calculator
outputs are also used in a non-standard way, which will be described in

subsequent sections.

D. Overview of the Analysis
The analysisiof the effects of the ARZ on downtown and region-wide
air quality requires five basic steps:
Step 1 -— Identify components of each policy scenario
(shuttle and non-shuttle)
Step 2 - Segment the affected population into homogeneous

sub-groups or market segments and develop base
data for each.

Step 3 - Estimate and quantify the transportation level-
of-service impacts of each scenario for each
trip type.

Step 4 ~ Estimate new mode shares and VMT using the

3MODE(VAN) -AGG program.

Estmiate changes in vehicle emissions using the
manual auto emissions worksheets.

Step 5

The relationship between these steps is shown in the flow chart of
Figure II-1. The first three steps involve the preparation of data for
input to 3MODE(VAN)-AGG in step 4. Changes in the level-of-service
experienced by each of the market segments identified in step 2 must be
determined separately for each of the two ARZ scenarios, while the rest

of the input data is identical for the shuttle and non-shuttle alternatives.
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The calculator program provides estimates of the changes in VMT by
travel mode for work and non-work trips under each scenario. These
estimates are then used in the step 5 analysis of vehicle emission

impactse.

E. Defining the Scope of the Analysis

The relevant components of each policy scenario were identified in
section B above; therefore, step 1 of the analysis has been completed.
_Step 2 involves determining how detailed the analysis should be (the
more market segments identified, the more detailed and complex the
analysis becomes). Budget limitétions for the analysis, the availability
of data pertaining to different population groups and the desired
accuracy of the predictions developed during the analysis are the major
considerations in choosing the scope and level of detail of the analysis.

For the analysis of the ARZ proposal, two levels of distinction
between the affected travelers were used. Work and non-work trips to the
ARZ are analyzed separately, and for each trip type, households with and
without autos available for their trip are considered independently. This
categorization of travellers leads to the following four market segments:1
Workers with the drive alone mode available
Workers without the drive alone mode available

Non-work travellers with an auto available
Non-work travellers with no auto available

The non-work model to be used in the analysis has only two modes: auto
and transit. Non-work travellers without autos must use transit. However,
workers in the ARZ can use the shared-ride mode regardless of the avail-
ability of the auto to them.
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The changes in level-of-service associated with the three ARZ scenar-
ios will potentially affect the mode choices of both work and non-work
travellers. A distinction between work and non-work trips is crucial to

the development of accurate impact estimates because of the different

choices available to each. The attractiveness of the ARZ is reflected
in part by the level of transportation service available, and will determine
the total number of non-work trips destinéd to the area. On the other
hand, the volume of work trips is fixed in the short-run, being determined
by the total employment in the area. Thus, in anaiyzing non-work trips
both destination and mode choice must be determined, while only mode choice
.is of interest for work trips.

Separating the population into groups with and without the drive
alone or auto mode available leads to greater accuracy in the prediction
of revised mode shares. This distinction is particularly important for
the analysis of this ARZ proposal because of the high proportion of those

living in the city who do not own autos (18 percent).

F. Input Data Development

Worksheets C-1 and C-2 for the 3MODE(VAN)-AGG procedure define
the data required for imput to the program for each market segment. Much
of the information required for this amalysis is available from detailed
planning studies conducted for the ARZ, and transportation system data
bases developed as part of the metropolitan area's on-going transportation
planning process. Such data is typically available for a large city with

a well developed metropolitan transit system.
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Base Data

Hourly total person trip tables for the 1982 analysis year provide
most of the base data required for worksheet C-ll. Average trip lengths
were calculated using the trip tables at the district level and a map of
the urban area (to determine district-to-district distances). Annual
household income is not required in the analysis since none of the
measures involve changing the cost of any of the modes. However, the
calculator program requires that the default value "1" be entered for
income. No information was available on average carpool size for trips
to the ARZ area, so the default value of 2.5 (the national average for
carpool size) is assumed. The total population of the two work trip
market segments was determined by summing all of the AM peak period
and 25 percent of the PM peak period ARZ-bound trips, and then appor-

tioning these trips among auto owning and non-auto owning households.?

Figure II-2 shows a typical distribution of auto ownership by 1970
income level for a large city with a well developed transportation system.
For the metropolitan area under study, the 1972 U.S. Census County and
City Data Book reported the following distributicn of households by

income level:

1If a trip table for the region was not readily available, the quick re-
sponse urban travel estimation techniques (2.1.2) could be used to deter-
mine the total number of work and non-work trips to the area.

2All of the AM peak period trips and a smaller proportion of the PM peak
period trips to the ARZ are assumed to be work trips.
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Household Annual Percentage of

Income Range Total Households
Under $3,000 6.1
$3,000 - 4,900 6.8
$5,000 - 9,999 18.7
$10,000 - 14,999 29.8
$15,000+ 30.1

The overall proportion of households owning no autos may be calculated
by reading the average percentage of zero auto owning households for each
income level from Figure II-2, and then multiplying the percentage by

the proportion of all households in the income bracket:

Income Under $3,000 $3=5,000 $5-7,000
.65 (o Auto HH) _ .O61 HHS3K . (.535) (.068) + (.370) (.087)
HE<3K Total HH
$7-10,000 $10-15,000 $15,000+
(.210) (.185) + (.085) (.298) + (.030) (.301) = .181

The 18 percent zero auto owning proportion was applied to the total work
trip volume of 128,748 round trips per day to obtain the market segment
populations for sub-groups 1 and 2 on the Worksheet C-1.

Potentially, any of the urban area's 3,654,200 residents could travel
to the ARZ for a non-work purpose. Therefore, the entire population of
the region classified by auto ownership, forms market segments 3 and 4.

As with workers, 18% of the non-work population is assumed to have no auto
available.

Vanpools do not operate to the ARZ area now, and none are expected
to start up as a‘result of the auto restrictions. However, the default

values shown on worksheet C-1 for average vanpool size and vanpool
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circuity factor must be entered into the calculator program. They will
not be used in any of the internal calculations or subsequent analysis

steps, however.

Base Mode Shares

Work Trips

For market segments 1 and 2 combined (all workers in the ARZ area),
the total number of trips made to the downtown area by transit may be
determined from alighting counts taken on each of the bus routes terminat-
ing in the ARZ and each of the six subway stops serving the area, during
the a.m. and p.m. peak periods. Once again all of the a.m. peak period
and one-quarter of the p.m. peak period trips downtown are assumed to
be work trips. Counts of transit passengers to downtown by hour were
conducted recently as part of the planning process for the ARZ proposal.
According to the counts, the total number of daily transit trips classi-
fied as work trips is 94,872--out of 128,748 total work trips. The
aggregate transit share for all workers is then 73.7 percent, leaving
an auto share of 26.3 percent. Data from annual screenline traffic
counts indicate that 66 percent of the persons entering the CBD by auto
are auto drivers and 34 percent are auto passengers.1 The aggregate auto

driver and auto passenger mode shares are then:

1If no auto occupancy data were available for the study area, the quick
response urban travel estimation techniques (2.1.2) could have been used
to determine carpooling activity.
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Auto Driver = .263 (auto share) x .660 fAuto driver§)= .174
Share Auto users

Auto Passenger = .263 x .340 = .089
Share ‘

For use in the calculator program analysis, these mode shares must be

converted to drive alone and shared ride shares. The following formulas

may be used for this conversion:

‘Auto Passenger Share
(Average Carpool Size -1)

Auto Driver Share -

Drive Alone Share

Auto Passenger Share
(Auto Carpool Size-l)

Shared Ride Share "Auto Passenger Share +

0

Assuming the national average carpool size of 2.5, and using the above

auto driver and passenger shares yields:

Drive Alone Share = ,174 - %%%%:IT = 114
Shared Ride Share = .089 + 'T(zl%'-'l')‘ .149

Because those not owning autos must have a zero share for the drive
alone mode, the mode shares of the two market segments making up the
work trip population must be different. To convert from total population
mode shares to market segment mode shares, the following formulas (based
on the assumption that the ratio of transit riders to carpoolers is the

same for the non-auto owning sub-group as the entire population) are used:
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SRt Tt
DA = 0 SR = - T =
+
o] o SRt + ‘I‘t o SR Tt
DA SR, - SR F T -TF
t t 0 0 t 0
DA, = — SR, = —mmm— T =
1 F1 1 F1 1 Fl
where DAO = Drive alone share for households without autos
SRb = Shared ride share for households without autos
T, = Transit share for households without autos
DA; = Drive alone for households with autos
SRl = Shared ride share for households with autos
T = Transit share for household with autos
Dkt = Drive alone share for all households
SRt = Shared ride share for all households
T, = Transit shares for all households
F,» F1 = Fraction of household without and with autos
The calculations are crried out sequentially, with the mode shares for
households without autos being determined first. For the downtown
workers the resulting mode shares are:
_ _ .149 -
A, = O SRy 149 + .737 - -168
= .737 . L1114 _
T, 129 ¥ 737 = 832 DA, = S5 o= L1139
SR. = .149 - ,165(.18) =.145 T = .737 ~ .832(.18) = .716
1 .82 1 82

These shares are entered on Worksheet C-1 for subgroups 1 and 2.
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Non-Work Trips

Although worksheet C-1 calls for base work trip modal shares, it
may be used to record non-work trip making data for input to the non-work
model to be used in this analysis. Because the model predicts changes in
mode share for auto and transit only, only these modes need to be considered.
The model predicts changes both in the mode choice of travellers to the CBD,
and the absolute voiume of non-work trips to the area as a result of the
auto restrictions. The base mode shares reported on Worksheet C-1 for non-
work trips must, therefore, reflect the existing mode shares and the pro-
portions of the region-wide non-work trips which are bound for the study
area. This is accomplished by using the "other" mode share column to
record the prpportion of all of the urban area non-work trips which are not
bound for the study area (regardless of mode). The drive alone and transit
columns of Worksheet C-1 then reflect both the total volume and mode share
of non-work trips to the area.

The 1980 trip tables by hour (alternatively the quick response urban
travel techniques (2.1.2) could be used) indicate that 5 percent of the non-
work trips in the region were destined‘to'the downtown area. Therefore, the
"other" mode share for subgroups 3 and 4 is .95. Transit alighting counts
in the area and the person trip tables show that the overall non-work
transit share is 59 percent. Employing an analysis similar to that used
to determine the market segment mode shares for work trips, the following

shares were calculated for non-work trips:1

lFor simplicity, the non-auto owning households were assumed to have a

zero non-work auto mode share. However, a non-zero share for these
households could be assigned to reflect their use of carpools for non-
work trips. This share could be determined from census data, or could

be calculated from a known shared ride and drive alone mode split for non-
work trips using adjustments similar to those used above to determine the
work trip mode splits for households without autos.
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Households without Autos:
Auto Share - 07
Transit Share - 100%
Households with Autos:
Auto Share 50%
Transit Share - 50%
Multiplying these shares by the ARZ area's 57% share of total non-work trips

yields the base mode shares recorded on Worksheet C-1. (The auto share is

recorded in the Drive Alone column.)

Changes in Level-of-Service

Step 3 of the analysis procedure involves quantifying the level-
of-service impacts of the proposed auto restriétions in terms of changes
in in-vehicle and out-of-vehicle travel time by mode for the shuttle and
non-shuttle scenarios. Worksheet C-2 is used to record the level-of-

service changes in a format for input to 3MODE(VAN)-AGG.

Auto Trigsl

- In order to determine the average impact of the auto
restrictions on in-vehicle travel time for autos, peak and off peak trips

made to the area by auto were classified (using the 1980 trip table,

and counts at entry points to the CBD) according to entry location
and destination point (parking location) within the CBD. The analysis
zones used to define the entry and destination points of CBD trips are
shown in Figure II-3. Any of the numbered zones were considered

potential entry locations and all zones were potential destinations for

1'The drive alone and carpool modes will experience identical level-
of-service changes. Therefore, in making estimates of changes in LOS,
they are treated together. In recording the estimated LOS changes
on Worksheet C-2, identical entries will be made for the drive alone
and carpool modes.
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ARZ Base Data

. .
WORKSHEET C-1 POLICY: Downtown ARZ

BASE DATA

Base Work Trip Modal Shares

—
2 < s3I O
158 |833188 | 2 | sz lRes | sol o | = | <
Population | 8 é'ﬁ T & T 2% (323 g3 ) 8 8
- [7=] — o=, < - =
Subgroup 3° b4 gw & _8_‘3 "qg ® 0 3 g B
528 |@5 | @ S | o = e
T3 ® N
2a °

PYo-

1.Work Trips
All Modes

[y

6 |r11 | (2.5 05,573| (101 |r1.51}.139 |.145 | .716 | O

2.Work. Trips

1 . . . .832
INo Drive Alone 16 [11] (2.5] {23,175 | [10] [1.5] 0 168 83 0

3.Non-Work i
All Modes 16 | 1] | [2.51B,096, | [10] |[1.5]}.025 0o |.025 | @
4, Non-Work ‘

No Auto 16 [1] [2.5] B57,420f [10] | [1.5] 0 0 .050 0

*
[ 1 = Default Value
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v
FIGURE II-3

CBD Entry and Destination Zones
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auto trips. Changes in the routing of auto trips for each zone pair were
determined by examining the new traffic flow patterns (one-way streets,
streets closed to autos, etc.) included in the ARZ plan. Entry and
destination point pairs with significant auto delays due to more cir-
cuitous routing are identified below, along with the estimated delay to
autos and the proportion of the total peak period downtown-bound auto

person-trips represented by trips between those zones.

Zone Pair Delay in Minutes Proportion of Total Peak
(round trip) Hour Downtown Auto Trips

I-ARZ 2.0 .043

II-1IV 0.5 .069

I1I-I 3.0 .006

III-V 3.0 .007

ITI-ARZ ) 2.0 ;020

IV-11 0.5 .069

IV-ARZ 2.0 .021

V-III 3.0 .006

I-III 3.0 .606

A similar table is required for non-work auto trips. Multiplying the
round trip delay for each zone pair by the percentage of total auto

trips made between the zones and summing over all zone pairs yields the
average in-vehicle travel time increase for CBD-bound auto trips ( AIVTT)

gsvtecordgd on Worksheet C-2 for the shuttle and non-shuttle alternatives:1

1 . .

These IVTT increases for auto trips are not affected by the provision of
shuttle bus service since the time on the shuttle is considered to be
out-of-vehicle travel time.
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Work + .314 min

+1.258 min

Non-work

Improved walking conditions will reduce out-of-vehicle travel time
(OVIT) for all auto trips bound for the ARZ. The CBD entry point and
destination trip table shows that 8.4 percent of all CBD auto work trips
and 33.7 percent of non-work auto trips are bound for the immediate ARZ
area. Average round-trip walk time savings are estimated at 1.0 minute
for work trips, and 1.5 minutes for non-work trips, leading to net OVTT
savings of .084 minutes for work trips and .506 minutes for non-work
trips with no shuttle service.

The shuttle service is estimated to lead to 3.5 minutes in out-of-
vehicle travel time savings for those who use it. In previous analyses,
it was estimated that 8.5 percent of the downtown-bound auto work trips
would use the shuttle service. However, only 40 percent of the ARZ-bound
auto travellers will be served by the shuttle (the remaining 50 percent
will still save 1.0 minutes). The overall average OVIT savings for the

shuttle alternative may be calculated:

085 shuttle trips | 5 shuttle 6 ARZ non-shuttle
: total trips '~ savings ) All ARZ

All ARZ ARZ walk .
.085 ftotal trips 1.0 savings .348 minutes

The corresponding calculation for non-work auto trips is:
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shuttle trips ARZ non-shuttle

x 3.5 minutes + .3

-171 total trips All ARZ
.337 ARZ trips %x 1.5 minutes = .750 minutes

total trips

(Due to parking location differences for work and non-work trips, a
higher proportion of non-work auto trips will be served by the shuttle.)
The above IVTIT and OVIT changes are the only auto level-of-service

impacts anticipated for the ARZ proposal.

Transit Trips

In-vehicle travel time for transit is not anticipated to change
appreciably due to the ARZ measures. However, significant OVTT savings
are anticipated for both work and non-work trips bound to the ARZ areas for
the non-shuttle scenario. Hourly alighting counts at the transit stops
within the CBD indicate that for both work and non-work trips, 26.8 percent
of the transit passengers bound for downtown locations are travelling
to the immediate ARZ area. The combined round trip OVTIT savings
associated with easier walking in the ARZ and shorter walks due to new
bus stop locations within the ARZ are estimated to be approximately two
minutes, leading to an average CBD transit OVIT reduction of; .268(2)=.532
minutes. This figure is entered on worksheet C-2 for all market segments
for the non-shuttle alternative.

It is expected that approximately 6.5 percent of the CBD bound
transit passengers will use the proposed shuttle, enjoying a 3.5 minute

OVTT savings. None of these shuttle users will be destined to the ARZ,

1 Unlike auto trips to the area, transit trip-making to the downtown

area is similar for work and non-work trips.
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however, because transit stops will be located directly on the auto
restricted streets. The total fransit OVTT reduction for the shuttle
alternative is therefore estimated to be; .532 + .065(3.5) = .762 minutes.
All market segments on Worksheet C-2 will experience this average

transit OVIT savings under the shuttle scenario.

Only travel time changes are expected to occur as a result of the
proposed auto restrictions. No travel cost impacts are associated with
either the shuttle or non-shuttle alternative. Because the drive alone
and carpool impacts are identical, and vanpooling is not expected to occur
as a result of the ARZ, no further level of service change estimates or

entries on Worksheet (-2 are required.

G. Description of Model Application

Four runs of the calculator program 3MODE(VAN)-AGG are required to
estimate new mode splits and VMT for the two ARZ scenarios, one each
for work and non-work trips for each scenario. The program runs are
straightforward, using none of the optional subroutines. The non-work runs
involve the use of user-supplied mode choice coefficients, which were
derived from a joint choice model of shopping trip frequency, destination,
and mode choice. The work and non-work runs for the non-shuttle alternative
are described in detail below. The runs for the shuttle scenario analysis
are identical, except for differences in the level of service changes as

noted on Worksheet C-2 for the shuttle option.
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Dowvntown ARZ Non-Shuttle Alterfative

Level-of-Service Changes: Non-Shuttle Alternative

WORKSHEET €-2

CHANGES IN TRANSPORTATION LEVEL OF SERVICE

(all data represent round trips)
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Vanpool

Vanpooi Prom-
otion & Match-

g ln%"ﬁv?o,f)

Out-of-Pocket
Travel Cost
AOPTC,, (¢)

0

0

AOPTC st (m.)

Qut-of-Vehicle
Travel Tirme

-.084

-.084

In-Vehicle
Travel Time
AIVTT,, (min)i

.314

.314

Carpool

Carpool Prom-
otion & Match-

i lmeﬂﬁv?o.‘l)l

Qut-of- Pocket
Travei Cost
AOPTC,, (c)

0

0

Out-of-Vehicle
Travel Time
AOPTC, (min.)

-.084

-.084

" In-Vehicle

Travel Time
AIVTT, (min.)r

.314

.314

Transit

Out-of-Pocket
Travel Cost
LOPTC, (c)

0

0

0

0

Out-of-Vehicle
Travel Time
& OVTT, (min)]

-.536

-.536

-.536

-.536

In-Vehicle
Travel Time
DIVIT, (min.)

0

Drive Alone

Out-of-Pocket
Travet Cost
LOPTCq, (¢)

0

0

Out-of-Vehicle
Travel Time

~.084

-.506

In-Vehicle
Travel Time
sIVTT,, (min.)

.314

1.285

Population
Subgroup ¥

Work Trips, All Modes

1

Work Trips, No Drive Alone
Non-Work, All Modes

Non~Work, No Auto



II-24

Work Trips

Two passes through the calculator program are used to estimate the
combined impact of the ARZ on downtown-bound workers with and without autos
available for their trip. Worksheet C-4 is used to prepare the input
data from Worksheets C-1 and C-2 for direct input to the Calculator.

One pass through the program is described in detail as an example of the
required order for calculation steps.

Because user supplied coefficients are not used for the work trip
analysis, the first input value required is defined by Step 4 on Worksheet
C-4. Market segment data from Worksheet (-1 is entered for market
segment 1. The optional carpool subroutine is not used in this run, so
Step 6 defines the next set of required input data--base mode shares for
market segment 1. The level-of-service changes estimated for the non-
shuttle alternative and market segment 1 (Worksheet C-2) are then entered
under Step 8 on Worksheet C-4. Note that the changes for drive alone
and carpool are identical, and that "O" is recorded for all LOS variables
ﬁot affected by the ARZ proposal. These are the only program steps
requiring input data. Data may now be entered into the programmable
calculator, and market segment 1 analyzed.

After the program is read into the calculator, key "A" is pressed
to initialize the program. Beginning at Step 4, data items are entered
sequentially in the exact order they appear on Worksheet C-4. Key "R/S"
is pressed between each item to enter it into the program. Data entry
continues through step 6e after which "R/S" is pushed. The calculator¥
will display and print the average number of autos used per worker in
the market segment at this point. "R/S" is pressed a second time, and

the base total VMT is displayed and printed. Step 8 is begun by pressing
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WORKSHEET C -4 PROGRAM STEPS

ARZ, Non-Shuttle:
Work Trips (DA AVAIL)

639.39
(3MODE (VAN)~AGG-2 (B) /7900110 /ESE)
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
| 1:_| Read_card(s) -Partitioning is 639.39 I
2. | Initialize Storage Registers and store _-— —. o - :
—-— § default Coefficients . e A 229

If default -gqefficients_are;used,_s.kip.

to STEP 4 _

4e

4d

Enter _market segment data (from worksheet C-

rowmd trip distance in miles $0 _ _ _ prsr= 16
household average annual income in $#0 | Y='_'1
enter "1" if income is not needed for this | . _
Segment. e —— e e — -
Average carpool occupancy 7‘ o._ - —- OCCCP 2 5

Default = 2.5
.Market segment population

_|pop =105573 .

R/S

3 1 OPTIONAL Enter user-supplied coefficients T T e e
3a.| conffictent of IVIT-DA mode ____ O AT sTOl.00 | S
3b | coefficient of OVIT/DIST-DA mode. 8 2DA= stolor| | __
3c- | coeffictent of OPTC/T-DAmode | ®pa== lsrol 02| e
34 | coeffictent 4DAmode | Opa=  Jswolos| |

3e | coefficient 5-DAmode - | OsDA=__ |STO| 04 e
3£ | FP.e_f'_fECient of IVIT-SR @mode - .. ~_§ SR=_f{sTOj 05t |

3g |.coefficient of OVIT/DIST-SRmode - | 62SR™. sTo| 06 -
3h | coefficient of OPTC/Y-SR mode . _ | B3sr= STO| 07 ,-_.-__;...
31 | coefficient of incentives-SR mode : B84SR = sTo| 08 | o
35 | coefficient 5-SR mode ... —... . .. . . | 855R=__ |sTol 09

% | coefficient of IVIT-T mode ] 8T = ¢ fst0| 10

31 | coefficient of OVIT/DIST-T mode 8,0 =~ fsto0f11

En;:-:e-e—ffi_ci.ent of OPTC/Y-T mode o 04T = |stola2 -

3n _c_esfficiexlt__l;—"r mode ' . 94‘1’ = |sTo] 13

30 | coefficient 5-T mode - 85T _= STQf 14§

| .| .IF_A MISTAKE IS MADE, BEGIN AGAIN AT STEPR 3al. Y [ D

V bem meemen e
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WORKSHEET

C-4

(continued)
(3MODE (VAN)-AGG-2 (B)/790110 J/ESE)

USER INSTRUCTIONS

5b

.

go to STEP 6

OPTIONAL - Carﬁodl'§ub%o&£iﬁe“kéé£é'froﬁ“&6

Enter average occupancies of two classes of

-carpools: - - -
1.
2.

Average occupancy carpool class 1 i
‘Average occupancy carpool class 2 -

Enter 1eve1 of serv:.ce and mode share data

1. AIVIT - carpool class 1
2. AOVIT -~ ‘carpool class 1. )
3. AOPTC - carpool class 1

4. AINCENT - carpool class 1 (0/1)
5. Ag - carpool class 1%

67~ garpool class
of all carpools e

If a mistake -is- made ,-press @ -and begin -
with STEP 5a

7. AIVTI- carpool ciass 2

8. AOVTT - carpool class 2’

9. AOPTC- - carpool class 2

10. A INCENT = carpool class 2 (0/1)
11. AS = carpool class 2%%*

carpool class 2 share ds’a fraction ™
of all carpools*. . . . -

12.

1f a mistake is made, ‘press and begin
with STEP 5a

* These two values should sum to 1.0

x*x If default coefficients are used, these,

A's must equal zero.

1 sha‘re -as--a-fractiom——
ScpaT

> > > > >
"

GO TO STEP
ksheet C-3)

:JOCCCPli———

> D> > >
I

Scp2

R/ {275

R/s
R/S

R/S
sl
R/S
R/S
R/S

snd

R/S
R/S
R/S
R/S
R/S

R/S

STEP PROCEDURE ENTER PRESS DISPLAY

4e | Average vanpool occupancy a‘ 0 o OCCyp = __19_ R_/S . o
default -- 10 A

4f Vanpool c1rcu1ty fé-c.t—orm:# o 7T T 7lcere = 1.5 R/S i T
default -- 1.5- -~ oo S AR - SO S
If a mistake is made; press and‘be’gin" - - ——
with STEP 4a _ R o L ) B i
If carpool subroutine-is mot "used;" - -

e e 6
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WORKSHEET .C-4
(continued)
(3MODE (VAN) -AGG-2 (B)/790110/ESE)

USER INSTRUCTIONS

STEP

PROCEDURE

ENTER

PRESS

DISPLAY

Sc

6a

6
6c
6d

be

6f .

6g

carpool subroutine results:

Vli New average occupancy for all carpools__

2. New t¢arpool change in level of
service (for all carpools)

"Enter ALOS for carpool class 1~
) Enter 'AL'O"S' for “c'ar'pool class '2"

To Tepeat for another change in level of .

service, press - and repeat STEP 5c2.
Step 5 results can also bé recorded on Wor

To ‘continue with STEP 6

Store modal shares for this market segment
(f£rom Worksheet - C-1) -

Base _drive-alone share as .a .fraction
(1. e., .645 not 64 s)

%%

Base carpool.share. as a fraction **

] Base tramsit share as a fraction *%*

Base vanpool share as a fraction **.

Base "other" share as a fraction

Base autos per.worker

If a mistake is made, press mn

and beg:l.n w1th STEP 6° .

Base WMT

If vanpool subroutine-is not used, go to--
STEP 8

OPTIONAL Vanpool Subroutine -- - - .-

If VP.=0 in 6d and the . revised.vanpool . .
share ¥ 0, enter a "base' vanpool share on
which to pivot:. Defaults ---
.14 for firms with < 2000 employees
.06 for firms with > 2000 employees

If a mistake is made, press B and repeat

STEP 7

* printed but not displayed
*%" these five fractions must sum to 1

“lp

Bepr= 204 ¥
~CPZ=
sheet™ C-5.

LT

spa= 139
Iscp= 145
Sp = .716
Syp= _0
Sg = 0

‘| r/S

R/S
L
R/S
R/s|

R/S
R/S
R/S

R/S

R/S

VMT

ror™ 332766
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"D". Level-of-service changes are now entered in the exact order shown on
the worksheet, including zero values, with "R/S" being pushed between
each LOS entry.

Pressing "B" begins step 10 in which the predicted impacts of the ARZ
are calculated and printed by the program. Each time printing ceases, R/S
is pushed, through the printing of base autos per worker (step 10a). Care
must be taken not to press R/S after this final value is printed. At this
point, all calculations for market segment 1 are complete, and market seg-
ment 2 may be analyzed. Key "C" is pressed and the input data for market
segment 2 are entered exactly as for market segment 1, beginning at step 4.
After all steps for market segment 2 are completed, "E" is pressed to obtain
average impacts for market segments 1 and 2 combined. Each of the results
listed under step 11 of Worksheet C-4 will be printed in sequence. The re-
sults for each market segment and for work trips to the CBD as a whole as
recorded on the calculator tape are shown below in the sequence in which

they are printed.
Calculator Output for Non-Shuttle Scenario

Work Trips
DA Available’ DA Not Available! Summary Results?

0.197 0.0672 14538.54425 29
332766.096 24917.76 232616.708 30
.1377108186 0. 19017.60997 31
14538.54425 0. 121712.7038 32
232616.708 0. 95191.84578 33
.1436551705 .1661921319 0. 34
15166.10731 3851.502658 0. 35
97063.08681 24649.61701 357683.856 36
.7186340109 .9339078681 354329.4119 37
75868.34843 19323.49734 -3354.444142 38
Q. 0. -.9378237473 39

Q. 0.

0. 0.

0. 0.

329679.7948 24649.61701

. 1951728868 20664758528

1
2

These values correspond to step 10 of Worksheet C-4.
These values correspond to step 11 of Worksheet C-4.
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WORKSHEET C-4
(continued)

(3MODE (VAN)-AGG~2(B) /790110 /ESE)

USER INSTRUCTIONS

STEP

PROCEDURE ENTER PRESS DISPLAY
8 | Enter changes in level of service from Worksheet €-2) | p | | ..o ___
If there are NO changes in _level of service, . . . ot e e e
Press and go to STEP 10; otherwise, . B
Drive Alone changes: ‘ » ) e
8a | AIVITy, — e — e “1a e 314 | Rys
{ 8o | AOVITp, ) A - :.:_i R/S
. ) h =_0 |[w»ss
8c | AOPTC, I . ] AA /S| R
8d Al;bA %k 1 A - 0 |wrss|
ge |43pa ** .A._=.._TQT R/S
1f there are no additional changes in LOS B
press- ~ and go to STEP 10- )
Carpool changes from Step 5 or Worksheet €15
if optional STEP 5 was used: J— : ’
8 | ATVITp . m-or oo . | -8 =318 RS -
8g | AOVTIqp A =-.084 [R/S]
gh | AOPTCp o A=_o |RIs
8i AINCENTCP * A=_0 ([R/S .
8j Ascp v e, e A =—-L R/_S PRSP
If there are no additional changes in LOS B
press [B] and go to STEP 10
. Transit changes: . .
8k |'AIVIT, A=_0_ [R/S
81 AOVTTT - - - - A = -=.536 R/S -
8m | AOPTCT T T T T T Y S0 T Rys |
O FYRS B b= 0 |r/sf ]
% AsT %k A= 0 R/S } N
If a mistake is made, press m m
and begin at STEP 6a- - o R R T
If the vanpool share in-6d = 0-and STEP 7—|--- - = - e
was not used, GO TO STEP 10 =~ = _|C
OPTIONAL: Enter vanpool .change.in LOS.(frem Worksheet C32)" | - -
9a | ATVIT, o | 8= R/S . .-
9b | BOVIT A= ____|R/S . . i,
9c | AOPTCyp ) A= __|r/s
9d AINCENTVP Ak A= |RSS
9e AS‘ ..A= . R/S . .
. l““““““““““““““““ ““i“““‘
* This must equal 0 or 1 unless the carpool subroutine 1s used, in which case it
- must ‘be between 0 and 1 inclusive. ‘
**x If default coefficients are used, these A's must equal 0.
***%* 94 must equal zero if STEP 7 was used.
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WORKSHEET
(continued)

C-4

(3MODE (VAN)-AGG-2(B) /790110/ESE)

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
10 Market _Segment results L o N B N
10a | New DA share *: ‘s? DA *=.138
10b | New DA volume o T T o VOL'DA..14532
10c | New DA VMT o . R/S ‘VMT'b _232519
10d | New CPshare * ) " TN OURIS S'cp’ 144
10e | New CP volumé™ T o vor' cp= 15158_
10g | New T share *- - - ) R/S | ~ S'T-' =.719
10h | New T -volume .. - - - e e -- ——me VOL'T,=75884
10i | New VP share #* - - R/S S'yp =0
103, { New- VP volume - - - VOL'yp="" 0" =
10k | New VP VMT -+ S RIS Il o= 0
101 { New Other share * -~ = = RIS S'0 N
10m | New VMT for this market segment } I | VMTpor=329499 |
10n | New Autos per worker * - = = - R/S" A/wY =1 N
These results can also be recorded on Worksheet C-6
i1 To analyze another market segment and have
the results aggregated with previously C
analyzed market segments, press[Cland GO .. | .. ... . i -
TO STEP 4 L GO TO STEP 4 .;,__. L .
_To prmt** aggregated results of all _pre- _ e I DU ——- e
vious market segments, press E ’
S U AT . S e B
. N L ZVOL DA
S .
I S (R il ' S
B ~ N zVOL:CP=
o . —- I il L
IVDL'y =
-- - — - — 'm'ZVOL'Vf;'U-—
- ZVMT'VP—
ZVMTTOT—
, . IVMIpor=
These results can also be.recorded on Worksheet C-6 - ATVMItoTe
To analyze a new policy (no aggregation with AT VMT.-..
previous market segments), press and GO A ° TOT=
TO STEP 2. (Sincethis sets memories to zero, -] :
data from previously tested policies must be
copied before A is pressed, and user-
‘supplied coefficients, if any, must be re-
entered in STEP 3.
* Printed but not displayed

**See Comments (Section 4) for retrieving
data without a printer.
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Worksheet C-4 can be used as a guide for transforming the calculator

output to Worksheet C-6.

Non-Work Trips

The procedure for executing the calculator program for non-work
trips is somewhat different from that for work trips, becauselof the use
of user-supplied coefficients for the mode choice model.

The program is initialized by pressing "A" and step 3 is executed
immediately to enter the user-supplied coefficients. The coefficients to
be used in this analysis were derived from a joint choice model of shopping
trip frequency, destination, and mode choice developed using 1968 Washington,
D.C. data.1 They reflect the different choices available to non-work
travellers, and the different responses they make to changes in the trans-
portation system compared to work travellers. Using these coefficients,
both thé choice of mode of ARZ bound travellers and the total number of ARZ
trips will be estimated. The coefficients are:

e IVIT - 0.0582

e OVIT/DIST - 0.459
These must be entered for the drive alone mode2 (Steps 3a and 3b) and
the transit mode (Steps 3k and 31). Only these modes need be considéred,

since the model only predicts auto and transit mode choices.

1 pdler, T. J., and M. E. Ben-Akiva, "Joint Choice Model of Frequency,
Destination and Mode Choice for Shopping Trips." Transportation
Research Record 569, 1975

2 Note that "drive alone" means all auto trips for the non-work anmalysis.
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WORKSHEET C-4 PROGRAM STEPS

ARZ, Non-Shuttle:

4e

4d

OP'I‘IONAL - Enter user-supplied coefficients

639.39 NON-WORK TRIPS
(3MODE (VAN)-AGG-2 (B) /7900110 /ESE) (DA AVAILABLE)
_ USER INSTRUCTIONS _ : '
STEP PROCEDURE ENTER PRESS DISPLAY
1._{| Read_card(s) -Partitioning is 639.39 I IO
2. ,Inltlalize itgrage__g:gg_t_er_s_an_d_&tor_ __;.-_ [N DIEUUY PR R, ——
1 defavlt Coefficients. . . | _|a} | 229
1.- 1f_defaulr. gqeﬁf:.cientte_are_.nsedc_skip . e
to STEP & __._ _ S USE .OPTIONAL] SEER-3)—-—-~ |=--mem oo

IF A MISTAKE IS MADE, BEGIN AGAIN AT STEP 3af .

Enter market _segment data (from worksheet K
round trlp distance in miles 0

_1)

prsr= 16

household average annual income in §_ #0

enter "1" if income is not needed for this

segment. e et i e RS
Average carpool occupancy # 0 _ .. . . .___[%CcpT 23
Default = 2.5 ——

Market segment population

Y=:;.____.

16 o

.{pop =3,096,780

cosfficient of IVIT-DAmede _______ ___ | OiPAmswlsrojoo)| | |
coefficient of OVIT/DIST-DA mode ' 6 2DA "2281 sTo| 01| o
cosfficient of OPIC/vDAmode | Oipa— Isrol 02 e
coefficient 4Damode .| Cupam__fswolost |
coefficient S-DAmode _ _  _ .. _| Ospa=_ Jsrolosl} | .
A coeff1c1ent of IVIT-SR mode . _@ySR==382isTO} O5 | . ..
.coefficient of OVIT/DIST-SR mode 8 2SR =234 | orn{ 06 o
coefflclent of OPTC/Y-SR mode ' _ . -9_3&2(# sTO| 07 e
coefficient of incentives—SR mode 64SR_=_ _| sTO| 08 | ]
coefflcie;t 5-SR mode. ... ... .. . _.."_“ ”-9—5—81{= STO 09
coefficient of IVTT-T mode 91’1‘ = $_’1‘9 _10
coefficient of OVIT/DIST-T mode 6,7 = _|srof 11
-_coefflc:i:ent of OPTC/Y-T mode o OaT = lstoli2
coefficient ! 4~T mode - 944'1' =- S.iQ. 13
coefficient 5-T mode i _8s5T_= sTol1s ]

R/S

R/S |

S o ——— - b o -]

o b mimee s - ce
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WORKSHEET C-4
(continued)
(3MODE (VAN)-AGG~2(B) /790110/ESE)

5a’

5b

| 67— garpool.class

OPl‘IONAL - Carpool Subroctine.(data from wo
Enter average occupancies of two classes of
car.peols [ S e - ...._..,.
1. Average occupancy carpool class 1
2. Average occupancy carpool elass 2 -

Enter level of service and mode share data
1. AIVTT -
2. AOVTT -
3. AOPTC -
4. AINCENT - carpool class 1 (0/1) -

carpool class 1
carpool class 1.
carpool class 1

5. A5 - carpool class 1**

1 -share-as--a-fractiomr—1-
_of all carpools *

If a mistake -is- made, ?ress@ -and begin S SO
| with STEP 5a

7. AIVTT- carpool class .2
8. AOVTT - carpool class 2

9. AOPTC- - carpool class 2
10. A INCENT < carpool class 2 (0/1)
11. AS ~= carpool class 2%%*

12.

carpool class 2 sghare ds a fraction ™
of all carpools* = . . .

If a mistake is made,’ press m and begin
with STEP 5a

*% If default coefficients are used,

* These two values should sum to 1.0
these

A's must equal zero.

> > > b

CP2

2no

R/S
R/S

R/S
R/S
R/S
R/S

"I R/S

g5l

R/S

R/S
R/S

R/S

R/S|27¢

c

ond

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
e Average _vanpool occupancy ¥ | 6 . _floccyp = 1.0/R/S| | e
defauit -~ 10 4
4f 'Vanpool circuity facto; ;‘ 0 T ;"- CIRC = 1.5 R/S ) T
. default —— 1 S . . - o memrs ue . ....,,',.. - aw e e @ o 4 et .ot em——— m— e
If a mistake is made, press and' begin - - - —
with STEP 4a .. = __ .. _ .. .. . S - - -
1 If cvarpool subroutine-is -not -used;-- - -
go to STEP 6 e 160 TO STEP 6

38
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After entering the user supplied model coefficients, the calculator
program is executed in a manner similar to that for work trips, with
changes in the base data, base mode shares, and level of service changes
as noted on Worksheet C-2. Market segment 3 is analyzed first, with
the market segment 4 analysis being initialized at the completion of
market segment 3's calculations by pressing "C" as in the work trip
analysis. At this point Step 4 is executed for market segment 4 (the
coefficients of the mode choice model need not be entered a second time).
The worksheets corresponding to the non-work analysis of the non-shuttle

alternative appear below, along with the resulting calculator output.

CALCULATOR OUTPUT FOR NON-WORK TRIPS

DA Available1 DA Not A.vailable1 Summary Results2
0.025 0. 77107.13537 29
1238712. 0. 1233714.166 30
.0248991324 0. 0. 31
77107.13537 0. 0. 32
1233714.166 0. 106517.6702 33
0. 0. 0. 34
0. 0. 0. 35
0. 0. 1238712. 36
.0252650738 .0507288846 1233714.166 37
78240.37535 28277.29484 -4997.834136 38
0. 0. ~-.4034702284 39
0. 0.
0. Q.
.9498357937 . 9492711154
1233714.166 Q.
.0248991324 0.

1
2

These values correspond to step 10 of Worksheet C-4,
These values correspond to step 11 of Worksheet C-4,
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WORKSHEET . C-4
(continued)
(3MODE (VAN)~AGG-2(B) /790110 /ESE)

6a

6b
6c
6d

6e

6f .

6g

To Tepeat for another change in level of

service, press D' . arid repeat STEP 5c¢2.
Step 5 results cam also be reécorded on Wor

To continuve with STEP 6 U T

Store modal shares for this market seg'ment
(from Worksheet .C~1) -

Base drive-alone share as .a fraction ** .
(i. e., .645, not 64 S)

Base carpsol. share as a fraction **

] .Base transit share as a fraction *%

Base vanpool share as a fraction **.

‘Base "other" share as a fraction **

Base autos per.worker

If a mlstake is made, _press mn

and begin with STEP 63 .

Base VMT

If vanpool -subroutine-is not used, go to----
STEP 8 -

OPTIONAL Vanpool Subroutine . - .. -

If VP.=0 in 6d and the revised.vanpool .
share # 0, enter a "base" vanpool share on
which to pivot. Defaults -=-
.14 for firms with < 2000 employees
.06 for firms with > 2000 employees

If a mistake is made, press Ej and repeat
STEP 7

* printed but not displayed
** these five fractions must sum to 1

sheet C-5.

Spa = _&25_
Scp= -0
St = .025
Syp= 0

So = .95
60 10 57EP 8

R/S

R/S
R/S
R/S

R/S

R/S

R/S|....

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
S¢ | carpool subroutine results: - . B O
.1. New average occupancy for all carpools _ B R/S *OCR:P S e
2. New ¢arpool change in level of - B ) i
service (for all carpools) - // \
Enter ALOS for carpool ciass’1 L ACP1=ZPd_D_'. R/S 11 L
Enter ALOS for carpool class 2~ 4CP2= ‘R/S. / ' ACP=

1238712
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WORKSHEET " C-4
(continued)
(3MODE (VAN)-AGG~2 (B) /790110 /ESE)

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
8 | Enter changes in level of service from Worksheet C€-2) | » | _| ..o
If there are NO changes in level of service, | _ o o e I B
Press and go to STEP 10; otherwise, . B '
Drive Alone changes: - ] e
ga | ATVITp, T e e - A =1 R/S o
| g | AOVITp, -A -.595 r/s| _
‘, e e ‘ o o
8 |bopTCH, IR b R/S| _ I
8 |Bhpy ** S o) =0 |wss| .
g |4%ma *™* b= 0 Iws
If there are no additional changes in LOS B
press - and go to STEP 10 - - - -
Carpool changes from Step 5 or Worksheet C}5
if_optional STEP 5 was used: ) J— ;
8f AIVTTC‘I; e R e foa =0 .. R/S -
"1 A= 0 |r/s
8g | AOVITp L e : ‘
gh | AOPICp: L A=_0 |R/S
& AINCENTCP * A=_0 _|R/S S
= 0 )
8 | ASep ** A= L |Ris) S
If there are no additional changes in LOS B
‘press . and go to STEP 10
Transit changes: : . -
8k | BIVIT, A= _0 R/S
g1 | AOvITy SR L ecx ] PN :
&m AOPTCT' T T T T e 0 Irssl
B [ B4y ** e foa=2 |rs ]
g |85 ** A=_0 Ir/s e
If a mistake is made, press m m
end begin-at STEP 6a-~---"" ~ et Ty TemmTE T
If the vanpool share -in 6d-= 0 and STEP 7——{- -
was not used, GO TO STEP 10 .
OPTIONAL: Enter vanpool .change. .in LOS.{I W |
9a | ATVIT ' _ 1 A= R/S . . .
V? - - .
9b | AOVIT, A= ____ |R/S _ N )
9c | AOPTCyp Y R/S
9d AINCENTVP*** A= |[R/S
9e As .. R ‘A = - R/S - . veram
h V. W "‘“““““““““‘ v S 3§ § § 3 1\ 3 VAVAVM MMM MMM
* This must equal 0 or 1 unless the carpoo subroutine is used, in which case it
must ‘be between 0 and 1 inclusive.
*%* If default coefficients are used, these A's must equal O.
*** 94 must equal zero if STEP 7 was used.
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WORKSHEET °

(continued)

C-4

(3MODE (VAN)-AGG-2 (B) /790110/ESE)

USER INSTRUCTIONS

copied before A is pressed, and user-

supplied coefficients, if any, must be re-
entered in STEP 3.

* Printed but not displayed

**See Comments (Section 4) for retrieving
“data without a printer.

STEP PROCEDURE ENTER PRESS DISPLAY
10 | Market segment results |} Bl .
110a New DA share *- ' S'DA =,024 |
10b | New DA volume oo e VOL' DA™ 73294
10c | New DA VMT B =1 /s VT, =1172,69¢
10¢ | New CPshare * R R/S S'ep' = 0
10e | New CP volume : T - B TvoL? CP;‘. 0’
Of New CR VMT . C e eeh e mm e . Cam e e . - VMT' =. .
1 R/S CP= ¢
log New T share *- . S B - R/S - S'T :__'.'025
10h | New T -'volume - - - - - VOL'T =78339
loi New vP share, * . . .o .o c_— R/s é'vp = 0 o
le NeW' VP‘:’volume e e e . mven o 4_._..' - _VOL'VP=—~0 R
10k | New VP VMT R/S VMT'VP" 0"
101 New ‘Other share * ~—— - o HR/S ' S'0 =957
10m | New VML for this market segment - A ' | VMTpor=L172598
10n | New Autos per worker * -~ =~ = - R/S AW =0T
These results can also be recorded on Worksheet C-6
i1 To analyze another market segment and have
the results aggregated with previously '~
-analyzed market segments, press[Cland GO .. . C..
1o SmEF & __|eomostal || |
To prlnt*’f aggregated results of all pre- _ S . - S
vious market segments, press : E
e s et e ot e o e — — - B S
— .. . — IVOL'p,= A
o e t
ZVMT DA=
R - N . e b R
L — . . ZVOL’ CP—
- LyMT CP=
- e e e - SO e gl
ZVDL T
- . _— — - ZVOL'VP,;.————...
- L ZYMT‘VP=_—
XVMTTOT'—‘
. ZVM‘I‘&.OT= ’
These results can also be recorded on Worksheet C-6 - AZVMT'fo"fF_—
To analyze a new policy (no aggregation with o AT VMT ..
previous market segments), press -and GO ° TOT=
TO STEP 2. (Sincethis sets memories to zero, - :
data from previously tested policies must be A 29
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The printed results for each market segment and the entire population
are entered on Workshee£ C-6, once again using Worksheet C-4 as a
reference for the printed output values, and noting that the mode share
for the "other" mode refers to all non-work trips made to non-CBD
locations regardless of travel mode. The drive alone mode share reported
by the program is the share of all non-work person-trips in the urban
area made to the CBD by the auto. The transit share shown for market
segments 3 and 4 has a similar meaning.

Copies of Worksheet C=-6 for the non-shuttle and shuttle scenarios
appear below. The change in VMT for work and non-work VMT are calculated
by subtracting the "New VMT" total from the "Base VMT" total for each
trip type.

Caution must be used in interpreting the VMT change estimates
calculated for non-work trips. Unlike the change in work VMT, the estimate
does not represent a direct measure of the areawide change in auto VMT.
Work trips are fixed with respect to destination and tﬁe VMT changes
shown on Worksheet C-6 are due solely to mode changes. Both the mode
and destination of non-work trips may change however. The VMT change
shoyn on Worksheet G-6 for non~work trips is the change in the VMT
accounted for by auto trips to the CBD. This change in CBD-bound VMT
could be caused by shifts of ARZ-bound travellers to transit from autos
or shifts in the destination of non-work auto trips from the CBD to other
locations in the urban area. Consequently, the areawide non-work VMT
impact of the ARZ proposals can not be determined without making assumptions

concerning the relative proportion of auto trips formerly made to the CBD
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which are diverted to other destinations vs. auto trips to the CBD
which are diverted to transit, but still bound for the CBD.

However, it is possible to predict the changes in auto VMT within
the CBD, and the resulting reduction in CO emissions, related to the
proposed auto restrictions directly from the calculator outputs, if the
proportion of the total VMT which occurs in the CBD is known. Assuming
that 1/16 of the average trip mileage occurs in the CBD, non-work VMT in
the downtown area is reduced by 4,125 vehicle miles per day for the
non-work shuttle alternative, and 312 vehicle miles per day for the
shuttle .option. These CBD VMT reductions may be used in the manual
emissions worksheets to determine the CO emissions impact of the competing

proposals.

H. Impact Assessment

Emissions, fuel consumption, and operating costs impacts can be
determined for portions of the travel affected by the ARZ using the methods
discussed in Chapter 4 of Volume I. The emissions impacts of the alterna-
tive ARZ plans are analyzed using separate sets of the manual emissions
worksheets. To analyze both the shuttle and non-shuttle alternative, the
worksheets must be executed three times; once each for the base case and
each of the alternative revised cases. Only the base case and non-shuttle
worksheets are discussed in detail for illustrative purposes. The calcula-
tions for the shuttle alternative are identical with the exception of dif-
ferences in the VMI values used in the procedures. The forecast year of
1982 used in the VMT analysis is assumed.

Areawide emissions impacts may be determined for work trips (Market
Segments 1 and 2) because the VMI impacts predicted by 3MODE(VAN)-AGG

refer to areawide total changes in work VMT. However, for non-work trips
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to the ARZ, only the change in vehicle emissions within the downtown area
may be calculated. The program predicts changes in the volume of auto tra-
vel to the downtown area, but because these changes could occur as a result
of either shifts to tramnsit by auto users or simply changes in the destin-
ation of auto shopping trips, the net areawide change in VMT can not be
ascertained. The estimated change in downtown auto tripmaking and VMT

may be used to determine the impact of the proposed ARZ alternatives on

CO concentrations in the downtown area, which suffers from frequent

. violations of the CO health standards.

Worksheet VI-A is used to record the base and revised work VMT and

trip lengths for market segments 1 and 2, and non-work VMT and trip

lengths for market segments 3 and 4. The non-work VMT recorded on

Worksheet VI-A is the portion of downtown-bound VMT within the downtown

area (1/16 of the total non-work VMT recorded on Worksheet C=6).
Similarly, the trip distance recorded for non-work tripsis 0.5 mile,
corresponding to the one-way length of each non-work trip which occurs
in the downtown area. Table D.2 provides the required percentage of
cold starts for work and non-work trips for Worksheet VI-B.

Worksheets VI-C and VI-D are used to calculate the base and revised
emissions associated with downtown trip making. Emissions Tables D.3,
D.4 and D.5 provide the required cold-start emissions factors for use in

Worksheet VI~C with an ambient temperature of 50° used to enter the tables

Only the CO factor need be obtained for non-work trips since only the
concentration of CO in the downtown area is of interest with respect to

non-work trips. The execution of Worksheet VI-D is straightforward,
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again considering only CO emissions in the downtown area for non-work
trips. An average travel speed of 25 mph is assumed for work trips. For
the downtown portion of non-work trips, an average speed of 15 mph is
used, based on observations of traffic flow in the CBD. The predicted
base and revised emissions for the ARZ proposal are summarized in
Worksheet VI-E, which is~also used to calculate the net and percentage
change in emissions for the revised alternative.

For work trips, the emissions figures for Worksheet VI-E are taken
directly from the previous worksheets. However, for non-work trips,

start-up emissions calculated in Worksheet VI-C represent the total

round trip emissions while only one-half of the total one-way non-work
trips begin in the downtown area. Therefore, to obtain the start up
CO emissions in the downtown area alone, the total emissions for the
base and revised cases must be divided by two.

Auto fuel consumption and operating cost estimates of CBD-bound
vehicle trips for work can be estimated using the manual method presented
in Section 4.2 and Appendix E of Volume I. The Base, Shuttle, and Non-
Shuttle input values are shown in Table II-1, along with the resulting
estimated fuel consumed and operating costs. The inputs reflect illustra-
tive projections of average vehicle weights, automotive technology, gaso-

line costs, and auto maintenance costs for the analysis year, 1982.

1. Interpretation of Results

Care must be taken in interpreting the predicted impacts of the ARZ
measures. The changes in work trip emissions shown on Worksheet VI-E

reflect the net change in areawide emissions associated with the' auto re-
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TABLE II-1

Auto Fuel Consumption and Operating Cost Impacts for Work Trips

Alternative
Variable Base Shuttle Non-Shqttle Source
Inputs
WT 3.37 3.37 3.37 auto industry projections
RFC 1.0 1.0 1.0 auto industry projections
TEMP 7 7 7 local weather data
-GCOST 1.50 1.50 1,50 Department of Energy
projections
RMTCOST 0.0595 0.0595 0.0595 - local economic projections
TIME 19.2 19.2 19.2 DIST x 60/SPEED; SPEED
from Worksheet VI-D
DIST 8 8 8 Worksheet VI-A
TPHH*HHS 44,711 44,260 44,267 Worksheet VI-A
‘Estimated
Values
FUEL
(gal/day) 24,428 24,182 24,185 Procedure presented in
OCOST Volume I, Appendix E
($/day) $57,924 $57,340 $57,349
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strictions. The percentage changes, however, refer only to downtown-bound
travel. To develop an estimate of the areawide percentage change in
vehicle emissions, the total work trip vehicle emissions in the region
would have to be calculated and compared to the predicted emissions changes
associated with the ARZ proposals.

Also, the predicted reduction in downtown area CO estimates for non-
work trips should not be interpreted as a net reduction of CO emissions
throughout the urban area. This reduction is due in part to an overall
change in non-work auto use and in part to a shift in the destination
of non-work augo trips. Thus, a portion of the decrease in CO emissions
in downtown is accompanied by a similar increase in CO emissions in other
parts of the urban area. The information available from the analysis is
not sufficient to determine to what extent CO emissions in other areas

would increase if auto restriction is undertaken downtown.

The fuel consumption and operating cost impacts are also limited to
a portion of total urban travel: they reflect only changes in CBD-bound
work travel. Because no changes are predicted in average work trip length
or in average work trip speed due to the implementation of the ARZ, the
computed changes in fuel consumption and operating costs vary directly
with the changes in the number of auto work trips.

From the results summarized in Worksheets C-6 and VI-E, and in
Tabie II-1, it is apparent that the work trip VMT and emissions impacts of
both the shuttle’and non-shuttle alternatives are marginal and that the
availability of the proposed shuttle service will have essentially no
impact on the travel behavior of downtown workers. More significant

impacts on vehicle emissions and a greater shuttle service impact on
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travel behavior are predicted forvnon-work trips, however. A 5.3 percent
decrease in auto VMT in the downtown area and an overall reduction in total
trip-making to the downtown area of 1.6 percent1 is predicted for the non-
shuttle alternative with a corresponding 5.3 percent reduction in CO
emissions. Adding the shuttle to the ARZ proposal makes the downtown area
much more attractive as a non-work deétination, relative to the non-shuttle
alternative and leads to an overall increase in nqn—work trip making to
the area. Slightly fewer downtown-bound non-work trips are predicted for
the ARZ with shuttle than for the base case, and the impact of the ARZ
with shuttle on CO concentrations in the downtown areaAwould be negligible.
In evaluating the reiative merits of the shuttle and non-shuttle
alternatives, the importance of the viability of downtown as a major
shopping district would have to be weighed against the desire to reduce
CO concentrations in the area. The non-shuttle alternative is predicted
to lead to a decrease in total non-work travel to the area, while the
with-shuttle option will lead to little or no change in CO emissions
downtown. Another consideration in using and interpreting the results
of this analysis is that changes in the attractiveness of the ARZ
caused by factors other than changes in transportation level of service
have not beén included in the analysis. If the area is made more
attractive as a shopping destination through the addition of new shopping
space or beautification measures, somewhat different impacts with respect
to total trip making to the area than those predicted by this simple
analysis would be expected. However, the relative impact of the shuttle
and non-shuttle alternatives on non-work travel to the ARZ is accurately

reflected by the results of this analysis.

1 Calculated using the base and revised "other'" mode shares on Worksheets

C-1 and C-6 to determine the number of trips bound for other parts
of the urban area.
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CASE STUDY III: BUS PRIORITY STRATEGIES

FOR A RADIAL URBAN CORRIDOR1

A. Problem Presentation

A one mile wide radial travel corridor in a major urban area, served
by a single express bus route, has been identified as a candidate for
bus priority treatments. High peak period auto volumes in the corridor
are contributing to the metropolitan area's air quality problems, which
include violations of the ozone and CO health standards. Operations on
the bus route are'adversely affected by conflicts with autos in the
traffic stream and the contribution of buses idling in traffic to the
area's air quality problems is an increasing concern, particularly for
the residents of the corridor.

A four-lane major arterial in the corridor serves work trips between
the corridor's residential areas and the major employment centers in the
central city. The section of the arterial under study is 5.3 miles in
length, stretching from the residential sections to a major transit transfer
facility where the bus route serving the corridor terminates. (See Figure
ITI-1). Downtown-bound transit passengers transfer to a rapid transit
line at the transfer facility, while auto users continue into the central

city by a number of routes.

lThis Case Study was originally developed as part of the Responsive Analysis

Methods Project conducted by the Center for Transportation Studies,
Massachusetts Institute of Technology. It has been adapted from material
in: Responsive Transportation Analysis: Pocket Calculator Methods,
Volume II, Examples of Transportation Analyses, by M.L. Manheim, P. Furth,
and I. Salomon, MIT, August, 1978.
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B. Proposed Transportation Measures

In order to encourage increased transit usage by improving the service
on the corridor's bus route, two bus priority measures have been proposed
for implementation by 1982:

1) -Preferential Signal Control for buses at intersections;

2) Preferential Signal Control and Preferential Lanes for buses.

These meésures are also expected to reduce bus pollutant emissions and
lower the cost of providiﬁg bus service in the corridor. Because the

volume ofztraffic igfbelow the capacity of the arterial, no major impact

on auto lgvel of service is expected for either measure. Reduced in-vehicle

travel time for bus tripé is the only transportation level~of-service

change anticipated.

C. Selection of Analysis Technique 

A detai}ed evaluation of théép;oposed.measu;és' impacts on mobile
soufcé emissions_ahd transit opefézihéhcbsts i; rQquired to support a
decision on igbiementation. Both auto.énd b;S'gmiSSions‘are of intérest,
as well as bus fuel consumption (a measure of the operating cost impact
of the measures).

However, the budget and data available for the anaiysis 5re 1imited;
and the metropolitan aréa's computer-based model system is not well suited
to a detailed analysis of specific transit ﬁeasureé such as the two proposed
for the study corridor. Programmable calculator methods provide the
accuracy required for the analysis, but do not require extensive data oOr

costly computerized calculations to support accurate predictions.
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Calculator program 3MODE (VAN)-AGG (2.2.3)1 is selected for the analysis
of the mode choice impact of the proposed measures because of its efficiency
in ﬁsing available data and its accuracy in representing behavioral decisions.
Since bus fuel consumption and emissions are of critical interest, programs
BUS (3.2.1), BUSPOL and ENERGY (4.3) are also selected. Finally, auto
emissions are predicted using the auto emissions worksheets (4.1).

The base data available for the corridor is limited to 1970 census
tract and block data. No mode split information is available and the
_analysis budget is not large enough to allow traffic or transit counts to
be made. In order'to develop base case data, calculator programs HHGEN
(2.2.1) and a two-mode calculator mode choiée program (2MODE-AGG) are
selected to develop a sample of residential households for forecasting use
and to estimate existing mode splits based on the current levels of service
offered by the auto and transit modes in the corridor. Using this set of
programmable calculator methods, an estimate of the fuel consumption and
emissions impact of the proposed priority measures can be made using only

census and level-of-service data.

D. Overview of the Analysis

The analysis of the effects of changes in operating policies on bus
ridership and environmental factors consists of three.major tasks:

e Collection, estimation, and preparation of data

e Equilibration of bus ridership and bus performance

e Calculation of the environmental impacts of the equilibrium bus
ridership

1‘I‘he section numbers following specified analysis methods refer to the
location of their description in Volume I. In addition, master copies
of worksheets are provided in Appendices C and D of Volume I.
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The three tasks consist of the nine steps shown in the analysis flow
diagram of Figure III-2. The six calculator programs used in the analysis

1
are also shown.

Task 1. Collection, Estimation, and Preparation of Data

This task includes Steps 1 to 4. The data items needed to exercise
these steps include census data for the analysis corridor, approximate
existing travel times and costs for bus and auto trips, information on
the work trip destination for residents of the corridor, and detailedv
_data on the bus route operating in the corridor.

Census tract and block data from 1970; specifically‘£otal population,
population in group quarters, type of housing, auto ownership, income and
housing tenure; is required for Step 1. The output from program HHGEN
in Step 1 is combined with work trip destination data developed in Step 2
and level of service estimates for auto and transit from Steps 3 and 4 for

input to Task 2. Step 4 also includes an in-depth analysis of the corridor

bus route including traffic signal settings, line segment lengths (distances

between stops and intersections), and the location of bus stops. This

information is used by program BUS in Task 2.

Task 2. Equilibration

Because the bus route simulation program is ultimately used to test
‘the effects of different operating policies on route performance, it is
important that, in base case conditions, the predictions of ridership and
performance are in equilibrium. Ridership and performance on a bus route

are functions of each other:

1Detailed descriptions of the programs may be found in M.L. Manheim, P.

Furth, and I. Salomon, Responsive Transportation Analysis Pocket Calculator

Methods, Volume 3; Program Library, Center for Transportation Studies,
Massachusetts Institute of Technology, October, 1978.
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Ridership D (Performance) (1)

Performance S (Ridership) (2)
Equation (1) is the demand function, in which increases in tramsit
ridership demands are predicted as transit preformance improves. Equation (2)
is the supply function, in which decreases in transit berformance are
predicted, due to congestion and longer boardiﬁg times, as transit ridership
increases. Equilibrium occurs when the values of ridership and per-
formance satisfy both Equations (1) and (2). Such values are termed
consistent, or equilibrium values. In this case study, equilibrium values
are found by iteratively applying in turn the separate programmable
calculator routines which represent Equations (1) and (2). This is done
in Steps 5-7, using either program 2MODE-AGG or program 3MODE (VAN)-AGG
for Equation (1), and program BUS for Equation (2).
Each time one of these programs is used, its input data are taken
from the most recent prediction of the other program. Iteration stops when
the input and output values of the ridership and performance variables no
longer change. When transit service is changed by the proposed transpor-
tation policies, equilibration is again necessary so that bus ridership

and performance reflect the influences that each has on the other.

Task 3. Environmental Impacts

When mode shares have been determined with ridership/performance

equilibration, bus energy consumption and emissions canbe forecast based on

bus vehicle-miles travelled, travel speed in the corridor, and assumptions

about average fleet characteristics. Two programs, ENERGY and BUSPOL, are
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used to determine bus environmental impacts in Step 8 and 9, respectively.
In Step 9, auto emissions are also estimated using the auto emissions

worksheets.

E. Defining the Scope of the Analysis

Because the bus route serving the corridor in the peak period
carries almost exclusively downtown-bound passengers, only downtown work
trips are considered in the analysis. The route operates as a local
service only in the residential area shown in Figure III-1. Outside this
area, inboud stops are made only to discharge passengers. Therefore, the
analysis will focus on workers in the residéntial section of the corridor
who are bound for the central city during the morning peak hour. The
residential area is partitioned into three analysis zones, with the
divisions beﬁween zones roughly corresponding to census tract boundaries.
Only residents within one-half mile of the arterial on which the bus route
operates are considered because the number of bus passengers walking over
one-half mile to the route is assumed to be negligible.

A sample of 18 households, six from each analysis zone, are
generated for forecasting use. If more time was available for the analysis,
a somewhat larger sample could be employed. The amount of calculation
required to complete the analysis is highly related to the number of
households generated since the mode choices for each household must be

determined for the base case and for each proposed transportation measure.
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F. Input Data Development

Task 1 involves the development of base data for use in the analysis.
Program HHGEN is used along with some manual methods to develop a sample
of households whose behavior will be estimated. Also, the auto and transit»
level of service for each analysis zone is determined for use in Task 2.

Inputs to HHGEN are provided by published census data at the tract
and blocklevel. The output is a number (determined by the analyst) of
households with characteristics selected at random from distributions
based.on the census data. These households are representative of the
population of the study area. 8Six households represent the population of
each zone. Within each analysis zone, three census blocks were selected
at random and two households with at least one worker were generated for
each block, based on data specific to the block and the tract in which it
was located. The census data used as input to HHGEN for one of the blocks
is shown in Tables III-1l, III-2, and III-3, the following HHGEN worksheets
(Figure III-3) illustrate the input format for the program. For this block,
three households were generated, two of which had at least one worker.
Figure I1I-4 illustrates the calculator output of HHGEN for each of three
generated households.

Step 2 involves assigning work places for each of the workers in
the households generated by HHGEN. Eleven destination areas listed in
the Census table "Social Characteristics of the Population"! vere candi-

dates for the work trip destination of workers in the household sample.

1This table reports work locations for tracts. Each block being analyzed
within a tract is assumed to have the same workplace distribution.
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Generation of Sample Households (HHGEN-1(A))
USER WORKSHEET 1

Tract 3563
Step { Procedure Enter Press Display/Print
1 Set partition 2 2nd Op 17 } 799.18
2 Read banks la, 2a,
and 3
3 '} Enter tract data population = 6843 &1 population
(from Table 2 of % in grp. gqtrs = 1 R % in grp qtrs.
Block Statistics) # T-unit = __ 444 # l-unit
# owner =_945 | [R/S] # owner
avg value: =$23500 avg value ($)
# renter = 1418 # renter
avg rent =$ 127 avg rent (%)
# 1-person HE =_ 571 R/S # 1-person HH
# HH with RBL = 41| [R/S1
4 Computes interme- : # HH with RBL
diate values (above
values not
retained)
5 Enter tract data mean fam. Inc =11286 R7S or[D] |Mean Fam. Inc. ($)
from Census Tracts, | median U.I. Inc.= 5466 R/S) Median U.I. Inc ($)
Table P-4 and # HH with 1 car =16,7f"i§ or £ HH with one car
Table H-2 # HH with 2 cars=_zz3 R7S # HH with 2 cars
# HH with3+cars=__ 14 # HH with 3+ cars
# HH with 0 cars= 370 | [R/Sl  |# HH with O cars
6 Compute adjustment 2+ cars adj. factor

factors (auto own-
ership values from
step 5 not re-
tained).

T6 review other

adjustment factors: [RCUI T | 2+ cars adj. factor
RCL] 18] |1+ cars adj. factor
RCL [[7) | Income adj. factor

FIGURE III-3

Sample HHGEN Worksheet
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Generation of Sample Households (HHGEN-1(A))

USER WORKSHEET 2

Tract 3563
Block 170
Step Procedure Enter Press Display/Print

7 Enter block data (from | population =135 (Bl population
Block Statistics, % in grp.qtrs.=__0 % in grp.qtrs.
Table 2). # 1-unit = _1g R/S] # 1-unit
(To generate house- # owner =_99 R/S) # owner
holds based only on avg.value =2%g£ﬂ R7S avg. value
tract level data skip | # renter = R/S] # renter
this step and go to avg rent =167 R/S] avg. rent
step 8.) # J-person HH =_11 R/S] # Y-person HH

£ HH with RBL =__0 RS

8 Compute intermediate # HH with RBL
values (above values
not retained).

Q Read banks 1b & 2b

10 To make program write nd{st f1g
output automatically 3
on magnetic cards
(see step 12):

1 Generate n households | Number of house- Household charac-
(may be repeated as holds desired, teristics
desired). n= 3 (printed only)

12 To write output onto Place blank card
magnetic cards into card reader
(see step 10): during execution.

After card is run
through, replace
for each household
generated
13 Review characteris- # cars

HTYPE ={

tics of household

generzted.

Note: 2 cars =2 or more
3 workers = 3 or more

1 1-family house
0 multifamily

~ FIGURE III-3 (Cont.)

Eee:
FREEE

household size
HTYPE

income ($1000)
# workers
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Generation of Sample Households (HHGEN-1(A)/780317/PGF)

USER WORKSHEET 3

Step

Procedure

Enter

Press

Print/Display

14

To generate households
from a different block
in the same tract,
read banks la and 2a .
and go to step 7. To
generate households
from a different tract
go to step 1.

FIGURE III-3 (Cont.)
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Three Households Generated

1iF 1. Lives in one-family unit

INC Income = $19,547
LUER One worker
HH=Z Household size = 5
CHks Auto ownership = 1

MF 2. Dives in multi-family unit

Y HC Income = $15,902
LR Two workers
HH=Z Household size = 3
CRRS Auto ownership = 2

MF 3, Lives in multi-family unit

THC Income = $2,907

LIS Does not work
HH:Z Household size = 1 (unrelated individual)
CRIES Auto ownership = 0

FIGURE III-4

Generated Household Characteristics
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Each was assigned a zone number. The block for which the household
generation process has been illustrated has the following distribution

of work locations:

o

Destination Number Percent Cumulative
Percent
1 245 .087 .087
2 552 .195 .282
3 58 .021 .303
4 569 .201 504
5 182 .064 .568
6 961 .340 .909
7 42 .015 .924
8 15 .005 929
9 18 .030 959
10 0 .000 .959

Workers are assigned to work locations randomly. A random number between

0 and 1 generated by the programmable calculator, or obtained from a random
number table, is assigned to each worker. The work location assigned to
each worker is the first zone with cummulative frequency higher than the
random number generated for the worker. The random numbers and corres-

ponding work locations for the three workers in the block under analysis

are,
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Worker Random Number Work Location
Zone
1 .2201 3
2 .5223 5
3 .1383 2

The work trip length for each worker was determined by measuring the
centroid to centroid distance between the analysis block and the work
location zone on a map of the urban area.

The estimation of auto and transit level of service (Steps 3 and 4)
is accomplished manually. The level-of-service data items required for
auto trips between each work trip origin/destination pair are in-vehicle
travel time (IVIT), out-of-vehicle travel time (OVIT), and out-of-
pocket travel costs -(OPTC). Auto OVIT at the origin was taken as one
minute for those living in multi-family structures, zero for single
family houses. OVTT at the destinations ranged from one to five
minutes, depending on parking availability and the density of develop-
ment, as indicated by the height of the buildings at each destination.
Auto IVIT was estimated based on‘empirical knowledge of the area, aided
by field checks, and the trip length measures on a map of the area.
Auto OPTC was takén as auto running cost (4 cents per mile) plus the
average daily parking cost at the destinations, obtained by a brief

telephone survey of parking lot owners.
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Transit out-of-vehicle time at the work trip origin consists of
walk time plus half the headway. Walk time was based on the specific
household location within the zone (defined by the census block) and its
distance from the bus route. Walk times at thé destination were based
on average distances between transit routes in the destination
zone. Transfer times for transit were taken as one-half the headway.
Transit in-vehicle time has two components: the time on the express
route to the transfer point and time beyond the transfer point. The
time beyond the transfer point to a given destination is aséumed to be the
same for workers in all zones and was kept constant when considering
policies affecting the study corridor. The time to the transfer point
depends on the block in which the worker lives and is affected by the
proposed bus priority measures. The existing in-vehicle travel time for
transit was estimated using bus schedules and average subway speeds.
Transit fares were recorded, consistent with present values.

A completed Datasheet for ome of the analysis. zones is shown in
Figure III-5. The market segment size for each worker is determined
by dividing the total number of workers living in the census tract by
the number of workers in the tract generated for forecasting use.

(The table showing work locations for the tract also provides the
total number of workers.) A similar datasheet is required for each
of the remaining analysis zones.

Also in Step &4, the characteristics of the bus route operating in
the corridor are ascertained. TFigure III-6 shows the simplified set of

stations, intersections and line segments used to represent the route.
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Bus direction

-
} ) |
Station #1 Intersection Station #2 Line Station #3
#1 - Segment (Terminal
Line Segment Line #3 Station)
#1 ‘Segment #2
FIGURE III-6

Simplified Bus Route Representation




I1I-22

A more detailed representation would yield a more accurate picture of
the operation of the route, but because bus operations along the route
are not a critical factor in the analysis, this simplified model is
adequate. For any analysis the stops and intersections used in

BUS would be an aggregation of the actual stop and intersection
pattern in order to keep the number of computations at a reasonable
level.

Tables III-4, III-5, and III-6 show the station, intersection, and
line segment characteristics required as input by BUS. The arrival rate
atbeach station in passengers per minute is determined from the passenger
demand calculated in Task II by 2 MODE-AGG and is assumed to be evenly
split between the two stations and constant throughout the two-hour time
period. The line segment lengths were determined from a map of the corri-
dor, and assumptions concerning where the aggregated stops should be placed
to best represent boarding patterns on the route. A constant auto volume
of 1500 vph is assumed based on observations of the corridor. The number
of lanes refers to the one-way lane capacity of the arterial. Traffic
signal data could be obtained from the traffic engineering departments of
the cities along the corridor, or even a brief observation of each signal

or a sample of signals.

G. Déscription of Model Application

Base Modal Shares

Programs 2MODE-AGG and BUS are used to determine base transit shares
and bus operating characteristics for each of the market segments (repre-

sented by one of the workers in the generated sample). Figure III-7 shows
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TABLE III-4

Station Characteristics

Station # 1 2 3 (Terminal)
Arrival rate, VSTA * * 0.0
Fraction alighting, B 0.0 0.2 (1.0)

* To be determined by 2MODE-AGG
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TABLE III-5

Line Segment Characteristics

Line Segment # 1 2 3
Length, d (ft.) 5000 1000 5000
Limiting speed, VLIM 3080 3080 3080

(ft/ming (= 35 mph)

Auto volume, qQ 25 25 25

(veh/min)

‘Number of lanes, n 2 2 2
TABLE III-6

Intersection Characteristics

Intersection # 1
Signal cycle length, 1.7
¢ (min)
Fraction green time, 0.6
A
Auto volume, qy 25
(veh/min)
Number of lanes, n 2
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Transit Fare, Auto Level-of-

Service, Worker. Socio-—

economic Characteristics,

Trip Length

Initial Estimate of
Transit Travel Times

Yy

y Vv

NO

Predict Ridership
2 MODE-AGG

\

Auto Users

\

Bus Ridership

Y

6 Predict Performance
BUS

\

Qutput Transit
Travel Times

Output Transit Travel Time Consistent
with Most Recent Transit Travel Time
Input to 2 MODE-AGG ?

y YES

Reached

Equilibrium Condition

FIGURE III-7

Base Case Equilibrium Data Flows
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the flow of data between the two programs, which are run iteratively until
bus ridership and bus performance are in equilibrium. An initial bus
ridership estimate is developed using 2MODE-AGG and this ridership is

used to BUS to determine the level of service which could be offered at
that ridership level. If the level of service predicted by BUS is signifi-
cantly different from that used as input to 2MODE-AGG to predict bus rider-
ship, a new run of 2MODE-AGG is made using the output of BUS for the
level-of-service variables.

A 2MODE-AGG user worksheet for the first worker is shown in Figure
ITII-8, illustrating the required order of input values and the outputs
produced by the program for each worker. Program steps 5 through 7 are
repeated 18 times, to complete the initial estimate of base mode shares and
transit volumes for use in program BUS. Figure III-9 shows completed pro-
gram datasheets including transit and auto volumes for each worker. The
total estimated work trip transit ridership is 2767, which translates into
"a passenger arrival rate of 11.5 passengers per minute at each of the two
stations in the corridor.

This passenger demand rate, along with the other intersection, line
segment, and station information collected for the bus route is entered
into program BUS to determine if the level-of-service assumed in the
estimation of bus pasenger demand is consistent with the service which
can be provided at the resulting passenger demand rate.

Following the sample user worksheets for 2MODE-AGG is an illustrative
run of BUS (Figure III-10). This sample run assumes a headway of ten

minutes and a passenger arrival rate corresponding to a lower demand



USER WORKSHEET - BINARY MODE CHOICE WITH AGGREGATION (2 MODE-AGG-1(A)
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Default values in [ ]. Trip variables take on one-way values.
Step Procedure Enter Press Print/Display
1. Read card, sides A and B
2. | Set printing option if using [2nd]St fig
printer EI
3a. | Load default values of coef-
ficients '
b. | Enter any alternate values
desired:
(1) Coefficient of IVTT [-.03] o = [s70] [01]
(2) Zsefficient of OVTT [-0.34] | o, = [§70]
(3} .. =fficient of OPTC [-50] oy = {s70] [03]
(4) Coefficient of income
[.0000895] o, = [STo1 [04]
(5) Coefficient of AALD [2.84] | ag= (=70 (05
(6) Auto constant [-2] const = [ST0) (o8]
¢. | List coefficients i2nd] [E7] o
RON] o,
*
[}
IRQH* as
I!EI ay
*
!RUNI og
*
RUN const
4. | Initialize modal volume [Zrd) (K]
accumulation registers
5. Enter socio-economic charac-
teristics
(1) Distance to work d=_5.6_ |[sSTO0
(2) Yearly income ($) Inc = 16810 |[ST0] {08!
(3) c?u}:os available/licensed |AALD = _1.0 |[STO
river ‘
(4) Market segment size Pop = _751 _|{STO] 10

FIGURE III-8
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Step Procedure Enter Press Print/Display
6. Enter auto level-of-service
data
(1) In-vehicle travel time @in)IVTT,=_20 @
(2) Out-ofvehile travel time minfOVIT,=_5 |
(3) Out-of-pockettravel cost(¢) OPTC, =__23 RUN
See note **.
7. Enter transit level-of-service
and compute modal shares and
volumes. '
(1) In-vehicle travel time (min)| IVTT = 22.1
(2) Out-of-veh. traveltime(min) ovTT, = 17 [RUN]
(3) Out-of-pockettravel cyst;(¢) OPTC, = 75 [RUN
Read modal shares (Pm) and PA =
volumes (Vm)' IEEEI* V, -
(Accumulates auto volume in G| * el -
register 98, transit volume in . T —
register 99.) RUN Vp =
See note *.
8. Repeat Steps 5-7 for every
worker in sample (unchanged
values in Step 5 need not be Repeat for allfhouseholds
entered).
g. Print/display accumulated [2nd] auto volume
modal volumes RUN * transit volume
10. | To do parametric variations

over a sample go to Step 4.

FIGURE III-8

(Cont.)
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USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),-2(B)]

A. Initialization

printer

FIGURE TII-10

Step Procedure Enter Press Print/Display
A-1. | (TI 52) Load card 3
(TI 59) Set partition 6 [2nd] Pp 07
Load banks 1 and 2
A-2. | Initialize (stores default
value automatically)
| A-3. | Replace default values if (Use default vplues throughout; skip
desired *. Lo Step A-4)
(1) Random number seed Y= [570] {09
[501; 0-199017]
(2) Vehicle capacity per lane |q. = [ST0) 11
. CL
at saturation flow (vpm/
lane) [30]
(3) Boarding/alighting rate b= ISTOIIE?]
(min/pax) [0.0333]
(4) Bus capacity, seated and
standing (pax) [75] Ve = (570}
(5) Vehicle acceleration a= [570] (14
(ft/minc) [15,840 =
3 mph/sec]
(6) Clearance time between toR® {570 [i8|
busses (min) [0.25]
(7) Congestion curve factor
[0.10,0.05-0.20] J = {370 [0}
- A-4. | Enter equivalent busses per g, = 0.1
minute, where B ‘ [:].
qg = busses per minute, and k = 2 ] 0.2
k = autos per bus equivalency |§T§| [i9]
factor [2]
A-5. |Set printing option if using |2n§| t fla

@ |




IT1-33

USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),-2(B)]

A.

Initialization - p. 2

Step

Procedure

Enter

Press

Print/Display

A-6.

"header is followed by a se-

Set up the Detailed Simulation
Record for the route being
studied. The first page should
be entitled "Header;" it re-
cords the passage of the bus
through the origin station and
the first line segment. The

quence of "Station" and "Inter
section” Records in the same
order as stations and inter-
sections occur on the route.
These records also include a
line segment, since all sta-
tions and intersections are
separated by 1ine segments.
Finally there should be a Ter-
minal Station Record for the
last station. Altogether there
should be one record for each
station and intersection
modeled on the route. This
series of records will record
the movements of 4 busses
through the route; to simulate
more than. 4 bus runs, a dupli-
cate of the set of records is
required for each 4 additional
runs.

| noute segment.

organized and
goLlowing.

g§oLlowed gor

The Detailed Simulation Rd
g iLLLed out
Thp
04 the Usern Inptructions
the step-by-stpp procedund

hemaining

one 0§ each

cond Ais

Lin the pages
pages
demonstrate
Zo be

type of

A-7.

For the first run, values for
tLAST’ the time the previous

bus left the intersection, and
VLEFT’ the number of passengers

left unboarded at a station by
the previous bus, must be ini-
tialized by the user. (Usually
VLEFT should be :ero and tLAST

estimated knowing the average
headway. ).

z

LAST 48 initialized %o
bus aiives minus

(alized at

zZeno.

the time the
the headway.)
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USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),2(B)]

A. Initialization - p. 3

Step Procedure Enter Press Print/Display

A-8. | Simulate running the first bus
through each segment of the
route, recording times and
passenger volumes on the De-
tailed Simulation Record com-
piled in step 7, following

the User Worksheets B, C, D
and E for line segments, in-
tersections, stations, and
terminal stations, respectively

To run second and subsequent
busses, see User Worksheet F.

%*

As many of these values as desired may be changed, and they may be

changed at any time during the simulation. In particular, the vehicle
capacity per lane (qCL) and the congestion curve factor (J) may be different

for different line segments over the route. Once changed, the new values
remain in memory unless changed again. :
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USER INSTRUCTIGNS - Bus Route Simulation [BUS-2(A),-2(B)]

B. Line Segment

**Notes at end of Worksheet E.

(Data given here fon Line Segment #1, fon Bus #1)
Step Procedure Enter Press Print/Display
B-1.{ (TI 52 only):
Read card 1 (not necessary if
card 1 already in memory)
" B-2. | Enter data:
(1) Time the previous bus left t st -9.45
this segment
(2) Segment length (ft.) d =23000 | [STO|
(3) Limiting speed (ft/min) Vi =308 [sT0!
*
(4) Auto volume (vpm) qQ = 25 | (370
(5) “Number of lanes n =___7 (|STO |08
B-3. | Compute expected travel time C] tT = _1.949
(min) and cumulative clock time o
(min) RUN toyy = —2.499
B-4. | Record tT and tCUM for this run
on the simulation record. (see Example | Simulation |Record, page 1.)
For the next run record tCUM
as tLAST for this segment.
*



BUS-2(A),(B)
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USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),-2(B)]

C. Intersection

(Data given here for Intersection #1, forn Bus #1}

Step Procedure Enter Press Print/Display
C-1.1 (TI 52 only): ‘
Read card 1 (not necessary if
card 1 is already in memory)
C-2. | Enter data:
(1) Time the previous bus Teft| t ,o ==7.50 @
this intersection
(2) Signal cycle length (min) c = 1.17] |05
(3) Fraction of cycle length A =0.60 [08]
which is effective green ’ ,
time
(4) “Auto volume (vpm) 9 = 25* 07|
(5) “Number of lanes n = 2* | [570] [08]
C-3. | Computed expected delay (min) tr = 0.174
and cumulative clock time (min) RUN| touM = 2.674
C-4. | Record t; and toyn ON the simu- . .
(See Example |Simulation |Recond, p.2)

lation record for this run.

For the next run, record tCUM
as tLAST for this intersection.

**xNotes at end of Worksheet E.
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USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),-2(B)]

pD. Station

(Data given here for Station #1, Bus #1)

Step Procedure Enter Press Print/Display
D-1 (TI 52 only:) Read card 2.
D-2. | Enter data:
(1) Time the previous bus lefy t = |STO[
this station LAST _-10 -
(2) Number of pax left un- VLEFT= 0 ]STOJ
boarded as the last bus
left this station
(3) Mean passenger arrival Vora = 1.2 [3T0] [05]
rate (pax/min)
(4) Fraction of pax on the g= 0 {ST0] [06]
vehicle alighting at this
station
D-3.| Compute:
(1) Number of pax left un- v = 0
boarded « LEFT — —
(2) Number of pax boarding [RUN] ** Von = ?
(3) Number of pax alighting RUN ** Vorr = 0
(4) Total delay (min) [RON] ** tr = .550
(5) Cumulative clock time *ok -
(min) RUN toun = =220
Recall total volume on bus lRCLl v o= 9
D-4.| Record the above values -
on the simula- (See Example Simulation Redord, p.1.)

tion record for this run. For
the next run record VlEFT as

VLEFTand record tCUM as tLAST'
for this station.

* %
Notes at end of worksheet E.
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BUS-2(A),(B)

USER INSTRUCTIONS - Bus Route Simulation [BUS-2(A),-2(B)]

E. Terminal Station
(Data given here fon Terminal Station, Bus ¥1)
Step Procedure Enter Press’ Print/Display
£-1.] (TI 52 only): Read card 3.
E-2.| Compute:
(1) Time spent unloading pax tp = 0.366
(min) :
(2) Cumulative clock time RUN] ** toum ™ 5.996
(min)
(3) Running time over the RUNJ ** ty = 5.996
whg]e route for this bus
(min) . . . *k
(4) To$ﬁl# pax carried in thig RUN VCUM'-——lé—
ru
E-3.| Record the above values on (See Example Sfimulation Rdcord, p. 4.)
the simulation record.

*
Items (4) and (5) need not be entered if Ap and n have the same values

as when they were lastentered, whether in a 1ine segment or an inter-
section, and are still stored in registers 07 and 08.

*
R/S

on TI 59.

Not to be pressed if printing option is set.
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**
+s, Not to be pressed if printing option is set. [R/Slon TI 59.
tT is usually the same for every bus@so it is sufficient to enter t. (as cal-

culated for the first bus) and press

Simulation Record - p.1
Header
Bus .Simulation Records Press
INPUT/ | Bus # _1 |Bus # _2 |{Bus # Bus #
OUTPUT | t, = 0.0 |t =10.0 | t = t, = [2nd] B
STATION # 1 ENTER
(card 2) t ST = -10.0 = .550 = = [570] @
igrr |- —2— =2 | ) E1d
ENTER PRESS || Rrecoro
| VSTA,-;- 1.2 _‘ V'LEFT = 0 = 0 = =
%k
B = 0 EE@ VON = 9 = £ = = RUN
*x
VOFF = 0 = 0 = = RUN
**
tr = _0.550  |= __.516 |= = RUN
' _ *k
tCUM = 0.550 - 10.516 = = RUN
v = 9 = 8 = = m
| | i i
LINE SEGMENT-#1 {| ENTER ‘l’ l .
Fedek dekk “hkk
(card ]) tl_AST = -92.45 = 2.499 = = lSTOI
(estimated as E[
[0.350 - 10.0]
ENTER PRESS RECORD
d= so00 |BTOEE|| tr = 1.949 = _1,949 |= =
‘ %k
V,qy=3080} BTODE|| teuw | = 2.499 = 12,466 |= =
q =2 |70 v = _(9) =_(5 | - [’D [
n=_2 |[STO|[0§]]| (v remadns unchanged diring Line sdgments and iftersections)

. See sheet Fof the User Instructions.
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Simulation Record - p.2

Intersection
Bus Simulation Records Press
INPUT/ | Bus # Y |Bus # _2 |Bus # Bus #
OUTPUT
INTERSECTION
# 1 ENTER
(card 1) tast | = -7.50 |- 2.674%**|. laiale ***\ %
ENTER PRESS RECORD
c=1.17 t - 0,174 = 0.174 |
r=0-8 to | = —2.674 |- _12.640 |= [RoN] **
A, =(25) * |57 @7 || v =__(9) [|=__(8 | [Ret] [i6]
n=_(2)*|E70) [og]
(g4 and n are the ||same as fpr Line| Segmenit #1 |and thus | need notl be entphed again.)
LINE SEGMENT #2 || ENTER 1’ \l/ v l
(card 1) toast | = -7.33 = 3.230 %% jalaiall I8 balalal [07)
ENTER PRESS || RECORD l
d= 1000 ty = <957 = 557 |- =
] _ s | 13.199 | g | **
Vpry=3080 BTOO8)f | teyy | = - _
%*
q, =(25) | FTROA|| V SO O L . & 18l
" 4
n=_(2) |

*
Need not be entered if values are the same as when last entered

*1E::]on TI 59. ‘'iot “c be pressed if printing option is set

***xSoe note on Header sheet.
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Simulation Record - p.3

*
Need not be entered if values are the same as when last entered

“&’A
R/3jon TI 59. Not to be pressed if printing option is set

*kk

See note on header sheet. .

Station.
Bus Simulation Records Press
INPUT/ Bus # 1 Bus # 2 |Bus # Bus # :
OUTPUT
STATION # 2 ENTER
((.:a‘f‘d 2) tLAST = -6077 =. ,3..68 = = STO @
Vige | = —2 [ 2 = = 570
ENTER PRESS |1 cecorn
VSTA=0-6 “g?o—l@ vl'_EFT = 0 = 0 = =
B = .0_'?_ 510- VON = 4 = 5 = = RUN *%
VOFF = 2 = 1 = = lRUN' *k
ts = _.450 = 450 |- = won ™
teow | = 3:680 = 13.647 |= = ronl
v = 11 = 12 = = m [16-[
| i ]
LINE SEGMENT #3 || ENTER 'l' ‘l’ . ‘l’
k% £33 £33
- = "'6032 = 5.63 = =
(card 1) t asT . ST0] DY
(See note ok Usen Instruetions [E]
Sheet F)
ENTER PRESS RECORD
d= 5000 STO tT = 1.949 = 1.949 = = .
- = 5.630 = 15.596 |- s *x
Vy 1y=23080] ST} toyw
*
n=_(2) |[sSTO0
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Simulation Record - p.4

Terminal Station

Bus Simulation Records Press
INPUT/ | Bus # 1 Bus # 2 |Bus # Bus #
OUTPUT
TERMINAL Zadl
STATION RECORD
(card 3) t = 366 = 0.400 |- -
- 5.996 = 15,996 |- = **
toum = RUN
te |=_5.996 |=_5.996 |= = [Rom
Yow |2 =13 _|° - lRaw ™

“Bon 11 5
On . e 2 - 3
Not to be pressed if Printing option is set
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level than that predicted by 2MODE-AGG. It is included.for illustrative
purposes as the actual BUS runs for the corridor analysis were not
available. The following input values and procedures would be changed
for the analysis of a route with three-minute headways and a passenger

demand rate of 11.5 passengers per minute:

‘o Step A-4 -q = 0.33
e Step B-2 (1) tLAST = =2,45
e Step C-2 (2) tLAST = -0.50
e Step D-2 (1) I AST = =3.0
e Step D-2 (3) VSTA = 11.5

e Computations in D-3 and E-2 would reflect the higher demand rate
rate and bus frequencies.

e Additional line segments and one additional station would be
included in the run.

e The simulation record would also reflect the above-mentioned
changes. '

To achieve equilibrium for the base case conditioms on the bus route,
two iterations (two runs of 2MODE-AGG .and BUS) were required. The final
results predicted average bus loads of 57 passengers into the transfer
point, with just over 28 minutes required to run the entire length of the
route.

Step 7 of the analysis involves the prediction of incremental
changes in bus ridership due to the proposed bus priority measures.
To estimate the level-of-service impact of the two measures, program

BUS is run with the following modifications 'to the base case:
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e increased effective green time and cycle length at the inter-
section to reflect the preferential signal control for buses
(applies to both proposed priority strategies).

e On each line segment and at the intersection, the number of

lanes is reduced to one and auto volume to zero to represent
the reserved bus lane.

From the two runs of BUS under bus priority conditions (one run for each
policy being analyzed), estimates of the improvement in bus IVIT were
obtained.

Program 3MODE(VAN)-AGG is then used to determine the incremental
increase in bus ridership which would result from the predicted improve-
ment in bus level of service. Because no information on carpooling
activity is available for the study corridor, a two-mode (auto and transit)
model is incorporéted into the 3MODE(VAN)-AGG program by changing the
mode choice model coefficients. This is accomplished by entering user-
specified coefficients in Step 3 of the program. The coefficients of the

two-mode model are:

e IVIT: -.03
e OVIT: -.11
e OPTC: -.005

The coefficients required by 3MODE(VAN)-AGG are IVIT, OVIT/DIST, and OPTC/Y,
whre "DIST" is round trip length and "Y" is household income. In order

to enter the coefficients as shown above, the OVIT and OPTC coefficient
must be adjusted and entered separately for each market segment being

. analyzed as follows:

OVTT/DIST

.11 x trip length

OPTC/Y -.005 x household income.
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The proper coefficients for market segment 1 would be:

OVTT/DIST = -.11 x 11.2 = -1.23

OPTC/Y -.005 x 16,810 = -84.5

None of the other optional 3MODE (VAN) -AGG program subroutines are used
in the analysis of the bus priority strategies. The only other non-
standard procedure used is representing the overall auto mode share by
the "drive alone" share in the program rather than by a drive-alomne and
a carpool share.

A set of user worksheets with entries for one of the market segments
under analysis, reflecting the signal preemption only priority option
follows. The data used to develop the information on Worksheet C-1
(Figure III-11) is available from the 2MODE-AGG datasheet for the equili-
brium base case. The auto and transit volumes predicted by 2MODE-AGG are
used to calculate the base work trip model shares for "drive alone™ and
transit. The run of BUS reflecting the alternative bus priority measures
provides the estimated change in transit in-vehicle travel time shown on
Worksheet C-2 (Figure III-12). This is essumed to be the only significant
change in level of aservice associated with the bus priority measures; all
other level-of-service changes are zero. Worksheet C-4 (Figure I1I-13) is
used to organize the data for input to the 3MODE (VAN)-AGG and provides
step-by-step directions for program execution.

3MODE (VAN)-AGG must be run 18 times (once for each representative
worker) with the results being accumulated in the program automatically.
After the bus ridership level for each bus priority alternative has been

determined, the new passenger demand rate per hour is used as input for
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FIGURE III-11

POLICY: Sjgna1 ’Prp—FmPf"im

WORKSHEET C-1
BASE DATA

Base Work Trip Modal Shares

Other

Vanpool

i

Transit

.036

Carpool

Drive
Alone

.964

Vanpool
Circuity
Factor

1.5

Average
Vanpool Size -

10

Population

751

Average
Carpool Size

Annual
Household

~ Income ($)

Average round

11.2 |16,810} (2.5)

Trip Length (mi)

Population
Subgroup
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FIGURE III-12

WORKSHEET C-2

-CHANGES IN TRANSPORTATION ;LEVEL OF .SERVICE

(all data represent round trips)
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WORKSHEET C-4 PROGRAM STEPS

639.39
( 3MODE (VAN) -AGG-2 (B) /7900110 /ESE)
USER INSTRUCTIONS .

STEP PROCEDURE ENTER PRESS DISPLAY
3| Read_card(s) -Partitioning is 639.39 I IS
2. | Initialize Storage Registers and store .— { __ . | . -
—- default Coefficients_____ . ___ - — At o). e29
— .| 1f_default coefficients are wsed, skip . . _ ——

to STEP. .4 — e e e

3 OPTIONAL - Enter user-supplied coefficients ______ N I
3a. cosfficient of IVIT-DA mods __ ____ Sapa=-.oysrop00f ]
3b | coefficient of OVTT/DIST-DA mode 6DA==L23 gm0l 02| |
30| coetficient of OPTC/TDAmode | ®paBASlgrlop| |
3 | coefficient 4pAmose | ®sa= ofswolos| L __
| 3e | coefficient 5-DAmode _ ... __. | BsDA= Ostopo4} 4 . _
3t F‘,—?e_f_fi‘i-i_.ent of IVIT-SR fode i ).®ySR=_ostolos| |
3g | .coefficient of OVIT/DIST-SR mode .. - _ .| 625R7=Mi{gmo} 061 .. e e
3 | coeftictent of oPTC/v-sRmode | | 835 =d23lst0| 07 e
31 | coefficient of incentives-SR mode 6 4SR =-8._45 STO Q§ . e
35 | cosffictent 5-SR mode .- . . .. . | BgsR=_0 |sT0| 09
3k_ cbefficient; of IVIT-T mode . ©4T =-.03 STO| 10
'31 | coefficient of OVIT/DIST-T mode 8,7 =4 oxlsTof 11
Ein:—.c—n;;ficient of OPTC/Y—"I‘ mde 8,7 =<€45 srala2
3n | coefficient 4-T mode . . 04T =2 |st0|13 ] .

30 | coefficient 5-T mode . 85T =_0 Istol1s | __
_IF A MISTAKE IS MADE, BEGIN AGAIN AT STEP da]

4 Enter market _segment data (from worksheet L :ZQ__ e S T o
4a round trip distance in miles 0 . [p1sT= 11, 2 R/S| _

4b h??:.elzgl_d.,_ave}*f_ss.a.rmge.l.-_ip.e@e. in $#0 | Y= 1s.810|r/s ) 4\

enter "1" if income is not needed for this

segment. U RS B e TRpRS
(tc Average carpool occupancy $0 e OCCCP 5 , R/_S, ] =
Default = 2.5. _ R, :
4d | Market segment population . .. ...[POP = 751 IR/S| . | ~f e e

FIGURE III-13
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WORKSHEET C-4

(continued)
(3MODE (VAN) -AGG-2 (B) /790110 /ESE)

1 5b

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
4e | Average vanpool occupancy 9‘ 0 ) o |9CCyp = 10 I{/S I S D
default -- 10 - T Ty T
4f .Vanpool circulty factor # 0 -__..a.’..._- CIRC = 1.5 [ R/S| ’ T

default —— 1.5- e e [ SN

If a mistake is made; press nand begin 7} 7 77 T
with STEP 4a e .. . e b
If carpool subroutine-is mwot "used,” - " S v -
go to STEP 6 .  _:.

Enter average occupancies of two classes of
carpools [ e — e
1. Average occupancy carpool class 1

“loceepy= - \wss
2. Average occupancy carpool elass 2 - ¥ 0CCCP2= R/S

Enter level of service and mode share data

1. AIVIT - carpool class 1 A=_____ |R/S

2. AOVIT - carpool class 1. A= |Rr/s

3. AOPTC - carpool class 1 ) o= __  IR/s

4. AINCENT - carpool class 1 (0/1) - A=______ |R/S
A

5. Bg - carpool class 1% "=~ " "IR/S

_of all carpools * Scpa” _{r/s|2®d | g

If a mistake -is- made, -press@ -and begin -0 o SR E T it M
w:Lth STEP Sa

7. AIYTT- carPOOI C1zss 2 RN A= T R/.S ————
8. AOVIT - carpool class 2 A= R/S
9. AOPTC- : carpool class 2 iy = R/S B
10. A INCENT < carpool class 2 (0/1) A= T R/S
11. AS -= carpool class 2%* < Cee{pe = - {R/S| R
12. carpool class 2 share as a fraction™ N .

of all carpools* . . — SCP2= R/S i

If a mistake is made, press and begin
with STEP 5a

%% If default coefficients are used, these

* These two values should sum to 1.0

A's must equal zero.

.,6 g carpool ClaSS 1 .Sh.are.as g ..fractiorr..__ PGPV UPReey IPSESEES B -
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WORKSHEET T-4
(continued)
(3MODE(VAN)~AGG-2(B)/790110/ESE)

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
.S¢ | carpool subroutine results: _ . . ____ | . . |. e .
.1. New average occupancy for all carpools__ o R/S A *OC_CCP S

2. New ¢arpool change in level of

service (for all carpools) T T
E“ BLOS for carpool elase 1 T Mepm  Awis| [T T
To Tepeat for another change in level of . 2nd | D! .

service, press - and repeat. STEP 5¢2.
Step 5 results can also be recorded on Worl

To continue with STEP 6

sheet C -5.

6 . Store modal shares for this market segment.‘ :
(from Worksheet :C-1) - C Comee

6a | Base .drive-alone share. .as,a..fraction *% . N . ]

(i.e., .645, not 64.5) Spa= 964 |R/S
6b | Base carposlshare as a fraction #%  sip= O |m/s R
6c 1.Base transit share as a fraction ** .. St = _.036 ,R/S -
6d | Base vanpool share as a fraction **. . .- [Sype R/S
6e | Base "other" share as a fraction ** So = | r/s T
6f .| Base autos per Worker .—- «.o..e - o owoceman] .l S RIS L] Aw=. )

If a mstake is made, _press m- L . o .

and begin with STEP 6a .

6g Base T e R D C|R/S] V_MTTQTf
If vanpool subroutine-is not used, go to~—-{ - - --—- - e B
STEP 8 - DRI S . . R e e e
TR
7 | OPTIONAL Vanpool Subroutine - .. - PPy R D N et SR
If VP.=0Q in 64 and the . revised.vanpool. _ | .. .. . I e e o
share ¥ 0, enter a "base" vanpool share on , :
which to pivot. Defaults —--" “{iSyp = R/S
.14 for firms with < 2000 employees: : ' Lo

.06 for firms with > 2000 employees --

If a mistake is made, press @ and repeat '
STEP 7 .

* printed but not displayed
**" these five fractions must sum to 1
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WORKSHEET G-4
{(continued)

(3MODE (VAN)-AGG-2(B) / 790110./ ESE)

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
8 | Enter changes in level of service from Worksheet ¢-2) .| D I P B
If there are NO changes in level of service,| . .. _ . . [
Press and go to STEP 10; otherwise, . _ B ’
Drive Alone changes: ) ' o _
.Ba AIVTTDA - B e b b B s e e - ..—"A. - 0 R/S ——
1 8 AOVTTDA A= _ Q0 R/S e o
: . -_0 |wrss
8 |AOPTCh; = . . . .o . .o o) B R/S| -
8 |Bhpy ** 8-_0 Ir/s|.
g |&5pa ** Ao _0 |r/s
If there are no additional changes :Ln LOS B
- press and go to STEP 10~ - - co :

Carpool changes from Step 5 or Worksheet C.I-5

if. o tional STEP 5 was used: o .
8f AIVTTP — . : A=T0 . [R/S]T O} N
CP - , .
8g | AOVIT pA=_0 |R/S
o = 0 |R/s
} 8 | ADPTCp _ ) A Rt
8i L'INCENTCP * A=_0__|R/S B
83 ASCP e e e A= —-g-—- R/S e
If there are no additional changes in LOS B
press [B] and go to STEP 10
Transit changes: . .
8k | DIVIT, A=:8.8 |R/S
81 AOVTTT - g - Ve e A = . .0 . R./S
b AOPTCT i e s e e e T 0 — R/s R [N [ ———
B | Bdg I N LU Y/ (N UUU A —
g | 857 ** b=_0 |Irss
If a ‘mistake is made press m m »
and begin at STEP 6a ' -~ - ok R R o e e
If the vanpool share in-6d = 0-and STEP 7-—|- - - = -- s e
was not used, GO TO STE? 10 _

OPTIONAL: Enter vanpool .change .in. LOS.{}

9a | ATVIT, ’ U - R/S R R
|9b | dovrTy, N o | b= R/S} - -
9c¢ | AOPTCyp A= R/S
9d AINCENTVP Ak A= RIS
1se |5y - N b |ws

. .“"‘““““““““““““““ W AW W Y WA W WA WA WA W
* This must equal O or 1 unless the carpoo}] subroutine is used, in which case it

.must ‘be between 0 and 1 inclusive. _

** If default coefficients are used, these A's must equal 0.

*** 94 must equal zero if STEP 7 was used.
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WORKSHEET <(C-4

(continued)
(3MODE (VAN)-AGG-2(B) /790110/ESE)

USER INSTRUCTIONS

STEP PROCEDURE ENTER PRESS | DISPLAY
10 | Market segment results D T B2 T D D
]10a | New DA share *. ' ‘8! DA T
10b | New DA volume . 7T U ._._..'m..- VOL'DA.
10c | New BAwar © - T T e Cermib R/ V'MT'DA_
. . .- e - e N N 7 % gy A T
0| NomChehare * L smsmesy | S| St
10e | New CP volume . TABLE VOL cp=
lOf NeW CR VMT . . e ke e me . - e PO . . .o R/S - . . VMT'CPQ—_—- — .
log New T Share *.. S . PRV e s e PO P— - A R/S - S'T ..-...
10h New T Jvolume E U P S PR -l ] VOL'T
10i | New VP share * . e S e - R[S S'VP =
le NEW‘VP‘.’VOIUBE J . ,.....' . RO, ’ . ‘VOL'VP":—V
lOk New. VP VMI o i C. Do ) . t/s . VMT'VP=
lo] New_.other share * -—— s w s Ce—— e e e - - . - . - e /S . . B S‘o =... e v me e
10m | New VMT for this market segment ~~ =~ 7 o ’ |VMTpor="- """
10n New‘ AutOS Per wprker .* o s mem e - . e PO . e e e e R/s‘ L. . A/W' =... - . ——
These results can also be recorded on Worksheet ¢-6
i1 To analyze another market segment and have )
the results aggregated with previously '~ :
.analyzed market segments, press{Cland GO . | .. U C e
TO STEP 4 c
To prmt*f aggregated results of all pre- | . . .. . . N R
vious market segments, press[ﬂ R L
N NS 3 R e P
— .. N AR Y\ S
o - . \
“ B el TS
. L . XVOL:CP‘_'
- e e s e - _— ZVDL' =
P - - ——— - - - - ZVOL'VP: eteimim e e om
) B ZVMT'VP-
ZVMTTOT"
. . o ZVMTTO.i.'
Thgs‘e results. can also be recorded on Worksheet :C-6 - [ATVMTFof=
To analyze a new policy (no aggregation with AT VM
previous market segments), press mand GO A ° TOT=
TO STEP 2. (Sincethis sets memories to zero, o :
data from previously tested policies must be
copied before A is pressed, and user-
supplied coefficients, if any, must be re-
entered in STEP 3.
* Printed but not displayed

**See Comments (Section 4) for retrieving
data without a printer.
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another run of BUS. Each program is run iteratively, using the output

of the previous program as part of the program input until equilibrium is
reached between bus ridership and bus level of service. Figure III-14
illustrates this iterative procedure.

Tables III-7 and III-8 show the average bus travel time and ridership
predictions developed for the base case and the two levels of bus priority
treatment. The results were compiled from information recorded én
Worksheet C-6 for each of the 18 representative worktrips or market
segments and the simulation records from Program BUS. Market segments 1
through 6 represented origin Zone I; 7 through 12, Zone IIjand 13 through
18, Zone III. These results are used as input to the Step 8 analysis of
bus energy consumption and Step 9 analysis of emissioms. 3MODE (VAN) -AGG
also calculates total work trip auto VMT for the base and alternative
cases. However, in converting the program to a two-mode model, all
auto person trips were classified és.drive-alone for predictive purposes.
This leads to an overestimate of auto VMT because each auto person trip is
translated into a vehicle trip for VMT calculation purposes, while in
actuality, the auto occupancy for worktrips in the corridor is somewhat
greater than 1.0. Assuming the national average of 1.2,1 the auto VMT calcu-
lated by 3MODE(VAN)-AGG must be divided by 1.2 for the base and each alter-
native case. |

Program ENERGY predicts the per-hour fuel consumption rate of a bus
route. It also calculates the number of buses required to éover the

route and the actual layover time which would occur with that number of

1Alternatively, auto occupancy estimation techniques contained in NCHRP
Report 187 could be used to determine the approximate corridor auto
occupancy.
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TABLE III-7

Equilibrium Transit Travel Times under Alternative Policies

One-way travel time from zone centroid to
in-bound terminus, minutes
(percent change from base case)

Signal Control +

Origin Zone Base Case Signal Control Preferential Lane

I 14.1 9.7 8.8
-) (-31.2%) (-37.6%)

II 20.3 14.2 12.8
-) (-30.0%) (-36.9%)

I1I 26.4 19.1 17.2
(=) (-27.7%) (-34.8%)

TABLE III-8

Equilibrim Transit Ridership under Alternative Policies

One-way ridership (percent change from base case)

Signal Control +

Origin Zone Base Case Signal Control Preferential Lane

I 1358 1420 1431
) (+4.6%) (+5.42)

II 1048 1109 1125
-) (+5.8%) (+7.3%)

III 361 422 438
(=) (+16.9%) (+21.3%)

TOTAL 2767 2951 2994
) (+6.6%) (+8.2%)
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buses. Required inputs for the program include the rcute length (in
miles), the headway, the average grade (important in hilly areas), the
round-trip travel time, and the minimum layover time (usually set by
agreement between the bus operator and the drivers). Program BUS provides
the round-trip travel time estimate and the minimum layover is assumed to
be ten minutes, consistent with the current policies of the bus operator.
All other values required by ENERGY (with the exception of grade, which is
assumed to be zero) are available from base data. The procedure is illus-
trated by the worksheets for the calculation of base case bus route energy
consumption and fleet requirements shown in Figure III-15. Table III-9
shows the calculator output for each of the three runs. From thesedata,
estimates of the per-hour operating cost of the route for the three scen-
arios (base, signal pre-emption, signal pre-emption with reserved lane)
can be developed for evaluation purposes.

In Step 9, the impacts of the proposed bus priority strategies on the
emissions of both buses and autos in the corridor are estimated. Program
BUSPOL calculates the per-hour total emissions in grams of the bus fleet
required to serve the route. The required inputs to the program are system
(route) bus VMT per hour (10.6 miles round-trip x 20 runs per hour = 212
miles), and the average effective speed (available from the output of ENERGY).
The program reports total hourly and per-mile emissions of CO, HC, NOx,
particulates, and SOx in grams. The program is run three times with varying
average effective speeds corresponding to the base case and the two alter-
native bus priority strategies. A sample run for the base case is illus-
trated by the worksheets in Figure III-16 and the calculator output is

shown in Table III-10.
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USER WORKSHEET - Energy Consumption on Bus Route
[ENERGY-1(A)]

Step Procedure Enter Press Print/Display
1. Read card 1
2. | Enter grade (0-5%) Gr=_9 [A]
3. Read Card 2
4. | Set print option if using [nd][St g
printer 2]
5. %nger route characteristics
1) Route length, round
trip (mi) dg=_10.6 [sTolfio]
(2) Route(tra§?1 time, round
trip (min)(excluding
layover | 7= 0.5 fsTojn]
(3) Headway (min) H= 3 HNIH!
(4) Minimum schedule slack
time (min) ST = _10 fsTolh3]
6. | Compute fuel consumption
Read:
(1) effective operating
speed (mph) ‘ = 12.045
(2) fuel consumption per mile E{Ig* = 0.227
k3
(3) vMT/hr = 212.0
*
(4) fuel consumption per hour RUN = 4§.182
7. Compute schedule characteristics
(1) # vehicles required = 21
(2) Round trip travel time, , * |
including layover (min) RUN = 63.0

FIGURE III-15
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Step Procedure Enter Press Print/Display
(3) Layover time, round trip *
8. To ‘change any -of the variables

except grade, enter the new
value(s) using the necessary
part(s) of Step 5; repeat
Steps 6 and 7.

To change the grade, repeat
the procedure from Step 1.

*
Not to be entered if print option is set.
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TABLE III-9

Impacts Under Alternative Policies

(Example Calculator Output)

X
Impact Base Case Policy 1 Policy 2

Effective operating-

speed (MPH 12.045 16.649 18.488
Fuel Consumption per

mile (gal/mi) 0.227 0.184 0.175
VMT/hr 212.000 212.000 212.000
Fuel consumption/hr

(Gal/hr) 48,182 39.098 37.070
# vehicles required 21.000 17.000 15.000
Round trip route time 63.000 51.000 45.000
(min)

Round trip layover 10.200 12.800 10.600

time (min)

(5
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FIGURE III- 16
USER WORKSHEET - Bus Pollutant Emissions (BUSPOL-1)

Step Procedure Enter Press Print/Display

1 Read card ‘card 1 for TI 52)

2 | Set printing option if using [Znd} (St g
printer » @
3 | Load memory registers
4 List memory contents (optiomal):{ (Note: This
) (1) Emission factor s%ep may be fg—j =
(particulates) omitted;
(2) Emission factor (SOX) éizigzéiine [RUNI* =
(3) NOX factors: Tables 1 and _
(a) ROAD 2) R |-
(b) IDLE RON]* | =
(c) URBAN RON)* |~
(d) emission factor RON]* | =
(4) HC factors:
(a) ROAD * -
*
(b) IDLE RUN =
*
(¢) URBAN -
(d) emission factor * =
(5) €O factors
(a) ROAD RN |-
*
(b) IDLE =
*
(c) URBAN =
*
(d) emission factor RUN =
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FIGURE III-16 (Cont.)

Step Procedure Enter Press Print/Display
5 Read card 2
6 | Enter system Vehicle Miles VMT = _212 VMT
Traveled
7 Enter effective speed (mph) s = 12.04 s
(printed only)
8 | Compute CO emission (grams) (Note: Step
~ 12 Amb
- per vehicle-mile Steﬁ?ggﬂ = .22.08
- total %‘y",:"'"”“twd' RUN|* | = 4681.75
9 Compute HC emission (grams)
- per vehicle-mile o] = 4.46
- total RONI* | = 945.34
10 Compute NOy emission (grams)
- per vehicle-mile [::] = 23,25
- total RUNTF = 4928.65
N Compute emission of (grams)
- particulates per vehicle-mile. 2nd = 1.3
- total particulates RON|* | = _275.6
- SOy per vehicle-mile RoN™ | = 2.8
- total SOy RUNJ* | = 593.6
12 Perform Steps 8-11 automati- same as for

cally (TI 59 with printer only)

Steps 8-11
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FIGURE III- 16 (Cont.)

Step * Procedure Enter Press Print/Display

13, To vary VMT or speed, go to
Steps 6 and 7 and proceed.

* .
Notes: "Not to be pressed if printing option is set (Step 2).
R/S on TI 59.

Steps 8-11 may be performed in any order,
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TABLE III-10

Bus Emissions of Major Pollutants under Alternative Policies

(Calculatbr Printout)

Base Case Policy 1 Policy 2
PR AR e
System VMT 212. (same) (same)
Effective Speed 12.04 16.65 18.49
CO emission (gms)
- per vehicle-mile 22.08 21.43 20.65
- total 4681.75 4542,.82 4376.81
HC emissions (gms)
- per vehicle-mile 4,46 4,08 3.92
- total 945,34 863.94 831.60
NOx emissions (gms)
- per vehicle-mile 23.25 - 21.79 21.79
- total 4928.65 4618.71 4619.10
Particulates emissions
~ per vehicle-mile 1.30 1.30 1.30
- total 275.60 275.60 275.60
SOx emissions
- per vehicle mile 3.80 o 2.80 2.80
-~ total 593.60 593.60 593.60
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The auto emissions worksheets (4.1) were used to estimate the impact
of the predicted increase in bus patronage on auto air pollutant emissions
in the corridor.1 The emissions model incorporated in the worksheets
requires the number of auto work trip and total auto VMT for the base case
and each alternative under study. Average travel speeds, the ambient
temperature, and the analysis year determine the auto emissions rates for
each scenario. Worksheet VI-A may be used to calculate the change in auto
trip-making based on VMT estimates from 3MODE(VAN)-AGG and average trip
length data. Alternatively, the total auto person trip volume reported by
2MODE-AGG (base case) and 3MODE(VAN)-AGG (alternative bus priority strategies)
may be used directly to determine auto vehicle trips. The base case auto
volume of 6120 (found by summing the market segment auto voluems in
Figure III-5) predicted by 2MODE-AGG must be adjusted to reflect carpool-
ing in the corridor. Using an auto occupancy value of 1.2 yields 5,100
vehicle round-trips per day, or 10,200 one-way trips. VMT is reported by
3MODE (VAN)-AGG for the base case and each alternative. Total base work
VMT in the corridor is 72,030. The revised worktrip auto vehicle volume
and total work trip VMT are estimated to be:

e Signal control - 9,890 one-way work trips; 70,100 VMT per day.

e Signal control and preferential lane - 9,750 one-way work trips;
69,620 VMT per day.

1Because example applications of these worksheets also appear in Case
Studies I and II, the completed worksheets have not been included in
this Case Study.
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An analysis year of 1982 is assumed for determining the work trip
vehicle emissions impact. Non-work travel behavior is not expected to
change significantly as a result of the bus priority measures. An
ambient temperature of 506 is used, based on historical weather data. All

subgroups will be analyzed together, using the VMT and trip values developed

above.

Worksheet VI-B is used to determine the percentage of autos
starting cold. Since parking duration data is not available for the
corridor, Emissions Table D.l provides the percentage of cold starts for
1982 work trips.

Worksheets VI-C and VI-D are executed three times, once for each
scenario, including the base case, under analysis. Worksheet VI-E is
completed for each bus priority alternative and is used to compare the
performance of each measure relative to base conditions. The execution
of Worksheets VI-C and VI-D will be described for the base case, and both
executions of VI-E will be illustrated.

All subgroups are analyzed in one pass in both VI-C and VI-D. The
percentage of cold starts for work trips is obtained from VI-B, and the
number of trips from the information above. Start-up emissions factors
for VI-C are obtained from Emissions Tables D.2, D.3, D.4, and D.6,
using the analysis-year of 1982, the ambient temperature of 50°, and the
90° cold-start percentage to enter the tables. No interpolation is
necessary to obtain emission factors for this set of circumstances.

Emissions Table D.7 provides auto travel emission factors for Worksheet

VI-D, using average speed and analysis year to determine the appropriate
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emissions rate. Based on several test speed rumns on the arterial

serving the study corridor, an averége work trip speed of 25 mph is
used. Once again, the emissions factors may be read directly, without

' interpolation. The execution of the worksheets for each alternative bus
priority strategy is identical to the base case, with the only changes

1
being the number of trips in VI-C and auto VMT in VI-D,

Worksheet VI-E is used to calculate the percent change in vehicle
emissions attributable to the proposed bus priority measures, which may
then be used as input to a rollback or similar model to determine the
change in ambient concentrations of pollutants in the atmosphere.

Column 9 of Worksheet VI-E for the two alternatives indicates that signal
control alone will lead to a 3 percent reduction in each pollutant, and
that the addition of a2 preferential lane leads to an additional 1 percent

decrease in pollutant emissions.

H. Interpretation of Results

Table III-11 summaries the estimated impacts of the proposed bus
priority measures on auto and transit emissions in the study corridor.
With the exception of NOx, the change in pollutant emissions for buses
is insignificant in comparison to the predicted reduction in auto
emissions. In most instances, from an areawide standpoint, transit
emissions may be ignored when determining the air quality impact of tran-

portation measures, due to the much higher proportion of total emissions

Because existing auto volumes in the corridor are not high in relation to
the capacity of the area's streets, the average speed of auto trips is
not expected to change with the provision of an exclusive bus lane. In
other applications, some increase in congestion might be expected which

would have to be reflected in the emissions worksheets as a lower average
speed.
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TABLE III-11

Estimated Auto and Bus Emissions Impacts

(grams per day)

Change in Daily Emissions

Signal Control and

Signal Control Preferential Lane

Pollutant
Auto Bus Auto Bus
HC -8,761 =405 -12,123 -569
Cco -108,589 -695 -148,599 -1,525
NOx -5,138 -1,550 : -6,678 -1,550
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related to auto travel. However, as the air quality impact estimates
for this example illustrate, if nitrogen oxide levels are of major con-
cern, or if changes in ozone concentration are to be estimated based on
the change in total HC and NOx emissions, the impact of the proposed
measures on bus NOx emissions should be considered.

Although modest decreases in total vehicle emissions are predicted
by the analysis, the estimated impact is iarge enough that beneficial
air quality impacts may be attributed to either of the bus priority
strategies with a high level of confidence. Further analysis of the two
proposed alternatives might focus on:a more in-depth assessment of the
transit operations and traffic flow implications of the measures. A
more detailed analysis of the bus route using either BUS, with a greater
number of stations and intersections; or a computerized analysis tool
such as TRANSYT-6C would be justified in order to assess fleet require-
ments and traffic flow changes. The ultimate choice between the two
alternative bus priority strategies will &epend on the more in-depth
assessment of the performance of each which could be provided by a more

detailed operational analysis.
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CASE STUDY IV: AREAWIDE ASSESSMENT OF TRANSPORTATION MEASURES

A, Problem Statement

An urban area currently not attaining minimum health standards for
CO and ozone concentrations is beginning the process of analyzing trans-

portation/air quality measures for inclusion in its 1982 SIP revision.

Through its involvement in planning studies for a number of major transit
development alternatives, the area's MPO has developed an extensive and
up-to-date UTPS-based model system, including highway and transit networks
and zonal population, socioeconomic and employment projections at five-
year intervals to the year 2000. However, the MPO has found the travel
demand models incorporated in their model system expensive to use and
insensitive to the types of short-range transportation measures commonly
included in air quality improvement strategies. The MPO wishes to
develop a capability to systematically analyze the air quality, fuel
consumption and modal choice impact of a range of measures it is con-

sidering for inclusion in its SIP revision.

B. Proposed Transportation Measures

Because of the area's non-attainment status, the MPO is required to
consider the entire range of reasonably available control measures. Illus-
trative of the types of action the MPO hopes to evaluate are the following

four measures:
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e Increase service frequencies on all CBD-bound transit routes
during the peak hour;

o Initiate carpool matching and promotional programs at all major
employers (i.e., firms with over 50 employees);

® Restrict the number of employer-provided parking spaces used by
single-occupant autos;

e Combine the restriction of single-occupant auto parking spaces
with the promotion of carpooling.

Through such measures, the MPO hopes to reduce the use of the single-
occupant auto, while increasing the utilization of transit and carpooling.
Energy conservation as well as environmental protection benefits are
expected to accrue if a successful program of transportation control

measures can be devised.

C. Selection of Analysis Method

Because the urban area has an up-to-date UTPS-based model system,
SRGP (2.3.2)1 can be implemented relatively inexpensively and can provide a
flexible and inexpensive tool for analyzing a large number of alternative
transportation measures at the urban area level. SRGP is more desirable
in this instance than the available manual techniques because of its ability
to quickly analyze a large number of strategies. At the same time, the
computational power of the computer-based method will allow a high degree
of accuracy and the ability to isolate the effects of alternative policies
on special groups within the urban area. Therefore, SRGP has been selected

for application to the urban area's SIP planning process.

1 The section numbers following specified analysis methods refer to the
location of their description in Volume I.
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D. 1Input Data Development

A work program for setting up SRGP for use in a given urban area was
described in Volume I. The basic steps in the work plan involve:

o developing base year data files;

e adjusting model coefficients (model calibration);

¢ updating base year data to analysis year conditioms.

SRGP requires three types of base data: a‘sample of households, transpor-
tation levels of service for peak and off-peak trips, and land use
characteristics.

The primary source of household information available for the case
study urban area is an areawide home interview survey (HIS) conducted in
1971. Level~of-service data were available in the form of standard UTPS
networks representing peak and off-peak conditions in 1975. Zonal popu-
lation, employment, and land use data were available from a study conducted
in 1970 which developed forecasts of these data in five-year increments to
the year 2000. The travel behavior models within SRGP are éalibrated
on baée year data from 1971 assuming that no major land use, population,
and employment pattern changes had occurred since the 1970 study.

The sequence of data processing steps required to develop the
household, level-of-service, and zonal input files is shown in Figure 1IV-1,
The first step was to reduce the household file from 15,000 (the sample
size of the HIS) to 2,506 households in order to minimize the data
processing costs of subsequent steps, while maintaining an adequate sample
size for analysis purposes. The size and composition of the household
sample used in SRGP depends on the desired accuracy of the impact

predictions generated, the degree to which the impacts on specific groups
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are of interest, and the budget constraints placed on data processing. The
trip file was also shortened to include only work trips associated with
the reduced household file.

Both the household and trip files were sorted by ascending home zone
number and, within a given home zone, by ascending household identifica-
tion number. The trip file was further sorted by ascending person number
within each household.

Peak period transit levéel-of-service data in the form of skimmed
trees was obtained from basic transit network data using standard
UTPS software; skimmed trees for auto were already available. At this
point, a FORTRAN program was developed to merge these data into a single
file in the appropriate format for input to SRGP.

Developing the off~peak level-of-service file was straightforward.
Skims of 1975 off-peak networks for both auto and tramsit were already
available. For transit, UMATRIX was used to combine IVTT and OVTI to
form the required total travel time variable. The resulting transit
skims were then combined with the auto skims and transit fare matrix
into a single file using a FORTRAN program.

The zonal data file development was also straightforward. A simple
FORTRAN program was used to merge the 1970 zonal population, employment,
and land-use data with the required zonal transportation level-of-service

variables.

Once the base-year data were organzied into the required input files, the
SRGP model system was calibrated to the analysis area by adjusting the alter-
native specific constant terms of each component model iteratively until

the regional travel behavior predicted by the model system matched that
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TABLE IV-1

Estimated versus Adjusted Values of Altermative

Specific Constant Terms - Case Study IV

Estimated Adjusted
Model/Constant Term Value Value
Worker Household Auto Ownership
1 Auto Constant 4.989 6.295
2 Auto Constant 5.689 7.615
Non-Worker Household Auto Ownership
1 Auto Constant -.8695 -.9092
2 Auto Constant -8.357 -8.6119
Work Trip Mode Choice
Drive Alone Comnstant =4.697 ~1.867
Shared Ride Constant -3.658 -3.657
Shopping Trip Destination/Mode Choice
Auto Constant -1.080 1.0906
Soc/Rec Trip Destination/Mode Chocie
Auto Constant 1,844 4.714
Shoppiné Trip Generation
Shop Expansion Factor 1.0 .9496
Soc/Rec Trip Generation
Soc/Rec Expansion Factor 1.0 1.6106
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observed for the base year. For this purpose, observed travel data were
taken from trip summaries and other tabulations available from the home
interview survey. Both the original and adjusted values for the constant

terms are shown in Table IV-1l for all of the SRGP models.

E. Description of Model Application and Impact Assessment

Data Updating

To analyze the impacts of implementing selected transportation poli-
cies in future analysis years, it was necessary to use input data that
reflected conditions in these years. While the available level-of-service
data already satisfied this requirement, the household data file and
certain elements of the land use data file required updating to reflect
future conditions.

The household data were updated using a procedure in which household
expansion factors are modified to represent expected changes in the dis-
tribution of selected population characterisitcs within the urban area.1
Selection of the actual household characteristics used in updating was
constrained by the availability of projections for these characteristics
in future years. For the example urban area, projections of employment
and population were available in five-year increments for each of 34
geographic divisions within the metropolitan area. Areawide household
income projections were also available in five-year increments for the

region. Employment figures, though, were only available from 1970 data

1 The details of this procedure are given in Cambridge Systematics,

Urban Transportation Energy Conservation, Vol. II: Analytical Procedures
for Estimating Changes in Travel Demand and Fuel Consumption, prepared

for U.S. Department of Energy, September, 1978.
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and projections for the year 2000. The values for these variables
in other years were obtained by linear interpolation between the 1970
and 2000 levels.

As an illustration of the household updating process, consider an
upper income household living in a suburban area. In the year for which
the household file is representative (the year of the HIS in this case),
households with these characteristics represented 20 percent of the urban
area's population. In the analysis year, however, such households
are projected to represent 40 percent of the urban area population. To
update the household file to the analysis year, the household expansion
féctor for all upper income households in suburban areas would be increased

by a factor given by:

Analysis Year Fraction
Base Year Fraction

.40
.20

Factor

=2.0
The expansion factor for other households would similarly be reduced to
reflect their lower representation in the total population.

Zonal data must also be updated to reflect population, employment,
and land use changes. The five-year projections of zonal characteristics
were used to update key zonal variables for the example urban area,
using multiplicative factors similar to those used for the household file.
Household data files and zonal data files were developed for each of the
analysis years of interest using these updating techniques. Level-of-

service changes in the analysis years reflecting the policy measures to
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be evaluated are communicated to SRGP by means of various input parameter
options. The following sections illustrate how some of these options

are executed for analysis purposes.

F. Representing Transportation Measures in the Model System

Once the necessary household, zonal, and level-of-service data
(reflecting changes in the quality of service caused by general population
growth and other trends) has been assembled for the analysis year and
used to update the SRGP input files, policy options may be evaluated for
the analysis year. Example applications indicating the statements
required to analyze the following policy measures are illustrated
below:

e Increase frequency of transit service to the CBD during peak
periods;

e Initiate carpool matching and promotional programs at all
employers with 50 or more employees;

e Restrict the number of employer-provided parking spaces used by
single-occupant vehicles;

e Combine the parking restrictions above with employer-based
carpool and vanpool promotion and matching.

1. Increase Frequency of Transit Service to CBD - With this measure,

headways on all transit routes to the CBD are to be reduced by 50 percent
during the peak period. Because this measure can be expressed directly
in terms of changes in levels of service, its representation is fairly
straightforward. The first step in translating this measure into model
system parameters is to identify those individuals who would be affected
by such a measure. Assuming that measures applied only during peak

periods will influence work travel omly, this measure would affect all
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workers with employment locations in the CBD. This measure then must be
transformed into changes in the appropriate model variables. In this case,
doubling peak period transit frequency would be represented by a 50 percent
decrease in the transit headway variable for the work trip mode choice
model.
For this measure, only four statements are required to represent the

level-of-service changes in SRGP. First, it is necessary to establish
a correspondence between the traffic zone system used in developing the
basic input data files for SRGP, and the geographic areas to which the
proposed measure applies. This is accomplished by identifying two
districts (the CBD and the rest of the urban area) and then defining the
districts with the appropriate traffic zone numbers using the following
three statements:

&PARAM DIST=2 &END

&EQUIV DIST=1, Z=<range of CBD zone numbers> &END

&EQUIV DIST=2, Z=<range of non-CBD zone numbers> &END

With these two areas defined, the only other statement necessary is

that which actually indicates the variable to modify, how to modify it,
and who is affected by this change. For this measure, the statement
would be:

&WORK 0=1, 2, D=1, FAC(7)=.5 &END
The statement specifies that this "update" is applied to work trips (&WORK)
from origin districts 1 and 2 (0=1, 2), which encompases the entire urban
area, to destination district 1 (D=1), which is the CBD. The update
itself (FAC(7)=0.5) specifies that the seventh field in the work trip

data segment (e.g., - transit headway) is to be multipled by 0.5.
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When SRGP is riun with these options set, the model system processes
each household as it would in the base case with revisions reflecting
the data update to the analysis year, except that whenever a work trip
destined to the CBD is encountered, transit headway is halved, and newmode
choice probabilities are calculated using this revised headway.

Once processing of the household data file is completed, various
statistics on travel-related impacts accumulated throughout the run
are printed, both as expanded totals for the entire urban area and
as household averages. In addition, if a file of base case statistics
for the analysis year had been created in an earlier rum, this information
could now be read and compared with travel-related impacts predicted for
this measure. The results of this comparison then would be printed in
the form of percentage changes from base case statistics.

Table VI-2 presents selected impacts predicted for increasing transit
frequencies in terms of percentage changes from the base case. Also shown
are expanded areawide totals and average work trip values for the base
case. Note that while this measure affects CBD work trips only, the impacts
are presented for the entire urban area. The percentage changes given in
Table IV-2, then, represent the changes associated with CBD work travel
relative to all work travel. Since in this example work trips to the CBD
account for 10 percent of all work trips, the corresponding percentage
changes for CBD workers alone are about ten timeés as great as those
given in Table IV-2. On an areawide basis, the impact of this measure on
auto travel is relatively small--VMT decreases by only .4 percent. The
corresponding decreases in emissions range from .3 percent for NOx to

.5 percent for CO.
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2. Employer-based Carpool Matching and Promotion ~ With this measure,

employers in the urban area are assumed to initiate promotional campaigns
encouraging carpooling and to provide carpool matching assistance for
their employees. Since carpooling incentives such as these are feasible
only for organizations with a relatively large number of employees, the
most logical criterion for determining the availability of such incentives
to an individual worker is employer size. However, this information was
not available for individual workers in the urban area under study. In-
stead, employer size distribution data on a zonal or district level was
used to determine for each traffic zone the fraction of workers in a
given zone employed by companies of a specified size or larger.1

To forecast the impacts of carpool incentives, a random number
(between 0 and 1) is generated for each work trip to determine whether or
not that worker will benefit from the particular carpool incentives
being modelled. If the number generated is less than or equal to the
fraction of workers employed by large companies in the worker's work zone,
the carpool incentives are available to that worker; if the number is
greater, the worker does not benefit from the carpool incentives.

Because employer-based incentive programs such as these cannot be
easily reduced to time and cost terms, SRGP incorporates a specific
variable to represent the existence of an employer-~based carpool promotion

program. For workers exposed to the promotion campaign, the variable

lln this case, incentive programs at employers with at least 50 employees
were compared with similar programs only at firms employing 250 or more.
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takes on the value "1," for others, "0." This variable is then incor-

porated into the utility function for the shared ride mode for work trips.
Since this measure is essentially areawide in scope, no district

definitions or zonal equivalences are required; its representation is

communicated to SRGP by means of a single control card:

&POOLS ZCPOOL=20, PMATCH=.287 &END

The keyword ZCPOOL=20 indicates that this run will include employer-based
incentives, and that the required employer size data are located in field
20 on the zonal data file. PMATCH=.287 specifies that these incentives
will include matching and promotion, which are represented by adding .287,
the estimated coefficient value for the carpool incentive variable dis-
cussed earlier, to the shared-ride utility function for those workers
employed by large employers. Note that in addition to matching and pro-
motional incentives, it is also possible to represent any employer-based
travel time or cost-related measures such as preferential carpool parking,
differential parking charges, etc.

The results of this measure, expressed in percentage changes from
the base case, are shown in Table IV-3. As shown, the implementation
of carpool matching assistance and promotional programs by organizations
with 50 or more employees results in a decrease in areawide work trip
VMT of 1.4 percent and decreases in auto emissions of 1.3 percent for
hydrocarbons, 1.1 percent for carbon monoxide, and 1.5 percent for nitrogen
oxides. When such carpool incentives are offered only by firms with 250 or

more employees, the resulting decrease in VMT is .8 percent, with decreases
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in auto emissions ranging from .6 to .8 percent. The difference between
these results (expressed on an areawide basis) is due to the difference in
the number of employees affected. When 50 employees is used as the lower
bound for employer size, approximately 60 percent of the work force is
reached by the measure; when a size of 250 employees is used, only 30

percent of the work force is reached.

3. Restrictions on Employer-Provided Parking - The measure considered

here is ‘also employer based, but is defined as a disincentive to single-
occupant auto use rather than an incentive for carpooling. This measure
is a parking supply restriction which limits the number of parking

spaces that an employer can provide to single-occupant vehicles by setting
a maximum value based on the number of employees. This measure is assumed
to apply only to organizations, either public or private, employing at
least 250 people since the practical problems associated with implementing
and enforcing such a measure for a large number of small firms, many of
which may use facilities jointly with other firms (if indeed they provide
parking at all), would be extremely difficult. In addition, firms

located in the CBD are assumed to be unaffected since much of the parking
there is in commercial facilities rather than employer-provided. It also
is assumed that the necessary restrictions could be applied to prohibit
the use of alternative on-street parking nearby. A contingency measure
such as this normally would not be included in a SIP. Its presentation

here, then, is for illustrative purposes.
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In examining parking supply restrictions, the most appropriate analysis
approach depends on the nature and severity of the restriction. In those
cases where supply restrictions affect only excess capacity (e.g., when
the number of parking spaces available after the restriction is still
greater than or equal to the number of spaces utilized before the restric-—
tion), the immediate impact would be increased search and walkbtime—-for
those individuals forced to use more inconveniently located spaces--and
possibly increased parking costs if those spaces affected by the restric-
tion are free or relatively inexpensive. This type of restriction, then,
would be represented straightforwardly in terms of changes in travel time
and cost. The magnitudes of these changes would depend on the character-
istics of those spaces affected by the restriction.

On the other hand, if restrictions are to be imposed which reduce
the total supply of parking in an area below the level that is currently
used, an iterative forecasting procedure is required to calculate supply/
demand equilibrium. In such a procedufe SRGP would proceed through the
household sample once, and expand the results to estimate the number of
auto trips to the area affected by the supply restriction. From this, the re-
quired number of parking spaces could be calculated and compared with the
number of spaces that would be available with the parking restriction
in effect to determine the extent to which auto travel must be reduced.
Then, a "shadow price" or penalty price (in terms of excess travel time)
for utilizing a constrained resource would be estimated and applied in
the appropriate utility functions of the demand models, and SRGP would
be rerun to produce revised travel patterns. This sequence would be
répeated, altering the shadow price until the demand for parking falls

within the limits of the total available parking supply.
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The measure considered here was defined as a maximum value for the
ratio of the number of parking spaces provided by an employer for use by
single-occupant vehicles, divided by the number of employees. Two values
for this ratio were examined: 0.4 and 0.5. Since the existing value was
0.76, both levels result in reductions in parking supply below the level
currently utilized, and therefore the second analysis approach described
above was used in each case. The shadow price necessary to achieve the
0.5 value was an increase in walk time of 35 minutes. To achieve the 0.4
value, an increase of 50 minutes was required. The values of these
shadow prices reflect the severity of restriction represented by the
imposition of parking space quotas.,

The results of these measures are presented in Table IV-4 as percen-
tage changes relative to areawide work travel characterisitcs. Because
these measures are primarily disincentives to driving alone, both the
shared ride and transit mode shares increase. However, because transit is
not available to all workers, whereas the shared ride alternative is, the
percentage increase in shared-ride on an areawide basis (ranging from 26.6
percent to 41.1 percent) is greater than that for tramsit (9.2 perceant to
13.8 percent). These changes in travel behavior translate into reductions
in areawide work trip VMT ranging from 4.1 percent to 6.3 percent, and
reductions in work trip auto emissions ranging from 3.8 percent to 6.9 per-
cent. For evaluation purposes, these reductions must be compared with the
severity of restriction represented by the shadow price values required to
reduce drive-alone travel to levels matching the availability of parking

spaces.

1The size of the shadow price gives insight into the reasons behind the
unpopularity of gevere parking supply. restrictions.
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4. Combined Measures: Employer-Sponsored Carpool/Vanpool Programs

with Restrictions on Employer-Provided Spaces - The purpose of examining

this combination of individual measures is to explore the synergistic
effects of combining actions that are essentially disincentives for
driving alone with measures designed as incentives for using modes other
than the single-occupant auto. The employer-based parking restrictions
and carpool programs are identical to the individual measures described
in the previous two examples. Employer-based vanpool programs offer an
additional ride-sharing alternative to the single-occupant auto. As in
the case of employer-based carpooling incentives, vanpooling programs
are most frequently organized by larger employers; therefore, the same
employer size criterion for determining the availability of vanpooling
is used. Further, experience has shown that commuters choosing vanpooling
as their mode to work typically have relatively long trip lengths.
Therefore, another constraint imposed on the availability of vanpooling
as an alternative is trip length (a ten-mile, one-way trip length is used
as a lower bound). Employer-sponsored vanpool programs are represented
in the demand model system by adding a new mode to the set of available
modes for the work trip for those commuters who are employed by large
organizations and have long work trips.l

The results of these measures are presented in Table IV-5 for the
incentives and disincentives implemented individually as well as in

combination. As shown, this particular combination of measures is about

1 More detailed documentation of the vanpool option is presented in
Cambridge Systematics, Urban Transportation Energy Conservation, Vol. II:
Analytical Procedures for Estimating Changes in Travel Demand and Fuel
Consumption, prepared for US Department of Energy, Sept. 1978.
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14 percent more effective in terms of VMT reduction than the sum of the
two component measures taken individually. (The corresponding increase

in effectiveness in terms of work trip auto emissions reductions ranges
from 10 percent to 13 percent.) A convenient way to illustrate the
synergistic effects of combined measures is to graph the single and
combined measure impacts as shown in Figure IV-2, The lower curve
represents the effectiveness of the supply restrictions alone; the middle
curve represents the summed effect of the supply restriction and employer-
sponsored carpool and vanpool programs taken individually. The upper
curve represents the effectiveness of these measures implemented in
combination. The shaded area, then, represents the increased effective-
ness attributable to the synergistic effect of the combined implementation

of these measures.

G. Interpretation of Results

Orgahizing the SRGP output into tables and graphs such as those
presented in the previous section can be a significant aid to analyzing
and interpreting the predicted impacts of proposed measures. Of particular
value is the comparison of the single and combined effects of a number
of measures. In many cases, the synergistic effect of the combined imple-
mentation of carpooling incentives and auto use disincentives may lead to
a cost-effective transportation control strategy, where single actions
cannot be justified based on their benefits and costs. Because none of
the reasonably available control measures alone is likely to lead to

emissions reductions large enough to bring an urban area with serious
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air quality problems into conformance with the health standards for air
pollutant concentrations, designing effective packages of measures will
be an important aspect of air quality/transportation planning. The
technique of comparing single and multiple measures can aid in the
development of a cost-effective package of measures which can lead to

significant improvements in air quality.
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ANALYZING A PROPOSED BUSWAY NETWORK






CASE STUDY V: ANALYZING A PROPOSED BUSWAY NETWORK

A. Problem Statement

A small but densely settled city with relatively poor existing transit
service 1is considering a number of major public transit improvement pro-
jects. Among the proposed new systems is a network of busways providing
line-haul express service to the CBD, supported by improved comventional
fixed-route bus service and demand responsive feeder bus service in
residential areas. In order to choose between the proposed busway option
and the other possible alternatives, the local planning agency and deci-
sion makers need to know what the transit ridership, VMI, and air pollution
impacts of the proposed system will be. The urban area has implemented the
standard UTPS model system for use in analyzing its transportation system,
but has found the standard aggregate passenger demand models difficult and
expensive to use. Because a large number of alternative solutions to the
area's public transportation needs (including the proposed busway) are unde:
initial consideration, a fast and inexpensive method of screening the range
of alternatives is desired, so that detailed analyses can be conducted for

only the most promising alternatives.

B. Proposed Transportation Measures

The proposed network of busways and supporting bus services are shown
in Figure V-1. Three busways, serving the northwest, southeast and south-
west travel corridors in the city would be built under this plan. Several
express bus routes would use each of the busways and three express routes

would use the existing street network. A number of local fixed-route
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services from the existing transit system would remain in service, supple-
mented by Dial-a-Ride services (termed "Telebus") in outlying suburban
residential areas. Coordinated transfers are planned between nearly all
services.

In order to maximize the usage of the routes using the new busways,
a package of auto disincentives is planned for implementation when busway
construction is completed. Increased parking costs for CBD auto commuters,
and a limit on the construction of new parking spaces in the CBD are the
major features of the auto disincentive plan.

The busway plan, if implemented, could be completed by the mid 1980's.
An analysis year of 1987 was chosen to coincide with the deadline for the
attainment of the health standards for air pollution since the expansion
of bus service in the city is anticipated to have a significant impact on

air quality, particularly in the city's downtown area.

C. Selection of Analysis Technique

The important factors affecting the choice of the analysis techmnique
to use in evaluating the busway alternative (and the other proposed transit
development projects) are:

e The budget available for the analysis of the proposals is
limited. At this early stage, when a range of alternatives
is being explored, a detailed analysis of all of the pro-
posals using the full UTPS model system is not possible.

e A large number of alternatives must receive an initial
screening. These alternatives represent a significant
change in existing conditions and will lead to the provi-
sion of completely new services in many areas of the city.
Because the level-of-service changes associated with the
proposed new transit systems are not incremental, the manual
and calculator pivot-point demand analysis methods are not
appropriate.
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e Many of the proposals involve new construction, so that the

changes being evaluated are facility- rather than service-
oriented. This fact, combined with the limited budget avail-

able for implementing new computer analysis capabilities and

the lack of a recent home interview survey, argues against

the use of SRGP, which is more applicable to policy measures

(such as carpooling programs and parking management strategies).

The transit sketch planning procedure (Volume I, Section 2.3.3)

selected for the analysis is particularly well-suited to the analysis and
initial screening of a large number of transit system development alter-
natives. Its simplified structure and the incorporation of manual work-
sheet techniques makes it relatively inexpensive to set up; and the

utilization of computer steps using UTPS programs reduces the computational

burden associated with analyzing a large number of alternatives.

D. Overview of the Analysis

The sequence of steps followed in applying the transit sketch plan-
ning procedure is shown in Figure V-2. First, a zone system is established
by aggregating existing traffic zones to form up to 100 analysis zones.
Formulation of the transit alternative is accomplished by means of system
description log sheets, which summarize specific characteristics of the
alternative, and a simplified transit network coded through the use of
UTPS program HR. Next, a sample of representative trips are chosen for
detailed demand analysis, the results of which will be mapped onto all
other origin/destination pairs. Market segments based on transit access
mode are defined for these zone pairs, and service levels are developed
for each market segment. Then, travel demand models are applied manually
to estimate mode shares for representative zone pairs. These representa-

tive mode shares are then mapped onto all origin/destination pairs
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FIGURE V-2

Major Steps in Sketch Planning Procedure

1
Develop Zone System

\

2
Formulate Transit

Alternative(s)

\

)
System Description
(Log Sheet, Map)

Y

3
Code Transit Network

(HR)

6,/
Develop Service Levels
for Representative
Zone Pairs

Y

Choose Representative
Zone Pairs, Mapping
Matrix

Y

8
Estimate Mode Shares
for Representative
Zone Pairs

9
Map Representative

Mode Shares onto All
Trips (UMODEL)

Demand Model (s)
Socio-economic Data
Market Segments

Y

10
Assign Transit Trips
to Network
(UROAD)

Trip Table

Mapping Matrix
Peaking Factors
Market Segments based
on Service Level

Y
11

Cost /Revenue
Estimation

Y

A

12
Environmental Impact
Estimation
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using a user-coded version of the UTPS program UMODEL. UMODEL produces
transit trip tables which are assigned to the tramsit network using UROAD.
A series of manual worksheets is completed to estimate the transit system's

cost and performance and environmental impacts.

E. Input Data Development

Steps 1 through 7 of the analysis procedure involve the development
of input data and an analysis framework.

Step 1: Establishment of a Zone System--The first step in applying

the transit sketch planning procedure is the definition of a zone system.
Three criteria were used to define the zonal structure:

e the boundaries of each zone are located to avoid having multiple
transit routes with differing levels of service in the same zone;

e the number of intrazonal trips was kept to approximately 5 percent
using an approximate relationship between interzonal trip making
rates and zone size included in the sketch planning model;

e zone boundaries were comstructed to conform, as much as possible
with existing census tract boundaries.

The 32-zone system shown in Figure V-3 was developed for use in the analysis
of each of the proposed transit alternatives. Between 30 and 40 zones will
typically be adequate for use in analyzing a small to medium-sized city.

A somewhat larger zone system would be required to analyze an entire

large urban area.

Step 2: Formulation of Transit Alternative--The busway alternative

considered in this illustratidn was described in Section B, The alternatives
to be analyzed must be developed in at least the level of detail shown in
Figure IV-1. Headways, station spacings, service hours, and fares

developed for all tramsit services, and routes are defined at a level
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FIGURE V-
1987 Transit Zones




specific enough to indicate the level of transit service available in each
of the analysis zones defined in Step 1. A map such as the one shown in
Figure V-1 is adequate for the purpose of defining the proposed tranmsit
system.

Step 3: Network Coding--A network was coded to correspond to the

busway system shown in Figure V-1. The network consisted of 56 centroid
connectors and 75 links representing the transit services. No specific
route structure or headways are coded in the network explicitly--only
link travel times are .used. Also, no feeder system information is coded
in the network. Each of these considerations is dealt with manually in
defining transit level of service between zones. The coded transit net-
work is used only for assigning transit trips once the transit mode share
has been determined using manual or programmable calculator procedures.
Finally, no highway network was coded. Highway zone-to-zone travel times
used in the demand model were obtained from actual surveys conducted in
1976, and were assumed to increase by 10 percent in the 1987 analysis year.

Step 4: Detailed System Description--The system description log sheet

sheet shown in Figure V-4 is used to specify the characteristics.of the
proposed transit sgrvices. All of the variables shown on the system
description log sheet must be relatively constant over the system being
analyzed.

Step 5: Choice of Representative Trips--Seventeen zone pairs were

selected to represent trip making throughout the urban area (up to 18 zone
pairs may be used in the sketch planning procedure). The representative
zone (0-D) pairs were selected so as to cover the range of trip types in

the urban area. Table V-1 shows the O-D pairs selected and the type of



Technology:

Operation:

Station Spacing:

Vehic.e Size:

Feeder Service:

Linehaul Service 1:

Linehaul Service 2:

Fare:

Speed:

Other:
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Option: Busway
Time Period: Peak
Linehaul 1 Bus
Linehaul 2 Bus
Feeder Minibus
Linehaul 1 Express
Linehaul 2 Local
Feeder Dial-a-ride
Linehaul 1 0.8 mi.
Linehaul 2 0.1 mi.
Linehaul 1 50 seats
Linehaul 2 50 seats
Feeder 24 seats
Area of Zones 0.8 mi.2
Integrated with linehaul or separate X ?
If separate, headway 12 minutes
Headway, CBD routes 12 minutes
Headway, non-CBD routes - minutes
Average number of
intermediate stops all (CBD routes)
Headway, CBD routes 12 minutes
Headway, non-CBD routes - minutes
Average number of
intermediate stops all (CBD routes)
Linehaul 1: 45 cents
Linehaul 2: 30 cents
Zone: 0 cents (trips over
Feeder: 45 cents
Transfer: 0
Linehaul 1: 20 mph (with X or without
Linehaul 2: 12 mph (with X or without
CBD Linehaul: 6 mph (with stops)
Feeder: 10 mph (with stops)

See supplementary sheet describing auto disincentives.

miles)

stops)
stops)

FIGURE V-4

System Description Log Sheet
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TABLE V-1

Representative Trips for the Busway Option

10
1
”’
13
4
18
16
7

0-D PAIR

4-13

8-13

15-13

25-13

18-13
6-1
3-1

3i-6
18-3

19-9
15-7
28-7
22-22
17-17
29-13
22-8
25-15

TRIP_CHARACTERISTICS

Regular Transit + Telebus: Medium Distance
to C8D :

Regular Transit + Telebus; Short Distance
to CBD

Express Bus to CBD

Regular Transit; Medfum Distance to CS0
Regular Transit; Short Distance to CBD
Crosstown Telebus - Telebus Direct

Crosstown Short Distance; Regular Transit -
Telebus

Crosstown Medium Ofstance; Regular Transit -
Telebus ¢« Transfer

Crosstown Medium Distance; Regular Tramsit
+ Teledus

Crosstown Medium Distance; Regular Transit
Crosstown Short Distance: Regular Transit
Crosstown Long Distance; Regular Transft
Intra-zone Telebus

Intra-zone Regular Transit

Buswey to CBD

Crosstown Long Distance Busway

Crosstown Hedium Distance Busway
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trip represented by each.1 Note that the characteristics of the transit
alternative under study, as well as the location of the zones in the 0-D
pair define the type of trip a given pair is chosen to represent. The
number of representative O-D pairs necessary to reflect the range of trip
types is a function of the characteristics of the urban area under study,
and the extent and variety of transit services being analyzed.

Once representative zone pairs had been identified, a mapping matrix
was developed relating each possible zone-pair to one of the selected
representative trips. The classification of zone pairs relies to a great
extent'on analyst judgment, based on a knowledge of the urban area and the
proposed transit system. Travel demand model coefficients aid in the
classification process by identifying the most sensitive variables to con-
sider in matching zone pairs and representative trips.

Step 6: Market Segmentation Based on Service Level--Each zone was

then broken into market segments defined by the type of access to transit
service. Table V-2 shows the way in which the market segmentation is pre-
pared as input for the model. Each of the 32 zones is divided into three
"éubzones": near, middle, and far. The near subzone is the area of the

zone located within 0.25 miles of the linehaul transit route; potential
transit users are assumed to walk to the route from this area. The middle
subzone is the area beyond 0.25 miles of the linehaul route, but within 0.25
miles of a feeder service; individuals in this subzone are assumed to use
the feeder service. The far subzone is the area beyond a 0.25 mile walk to

either a linehaul or feeder route; park-ride or kiss-ride are assumed to

1. . s
Trips between zones are assumed to have the same transportation level of
service, regardless of direction.
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TABLE V-2

Near Middle Far
Sub-Zone  Sub-Zone Sub-Zone Tota)l

20 80 0 100
5 95 0 100
20 80 0 100
10 0 90 100
100 0 0 100
‘75 25 0 100
100 0 0 100
70 30 0 100
90 0 10 100
100 0 0 100
100 ] 0 100
85 0 15 100
100 0 0 100
100 0 0 100
50 0 50 100
10 80 0 100
75 0 25 100
75 0 25 100
75 0 25 100
75 25 0 100
5 95 0 100
0 100 0 100
10 80 0 100
10 90 0 100
100 0 0 100
0 100 0 100
0 100 0 100
0 100 0 100
0 100 0 100
0 100 0 100
0 100 0 100
] 100 0 100
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be the only transit access options available. (Note that the procedure
assumes that if feeder service is available, it will be used; park-ride
or kiss-ride are not available options for users in the middle subzone.)

In the transit demand analysis, market segments are defined on an
origin/destination basis for each zone pair. Thus a near-subzone to near-
subzone triﬁs corresponds to a walk-to-transit/walk-from-transit market
segment. Transit trips are presumed not to serve trips to far-subzones
in the destination zone, thus six possible market segments exist for each
. zone pair, with the size being determined by the product of the sub-zone
percentages for the origin and destination zone. Thus, using figures from
Table V-2, the Walk/Walk market segment from zone 1 to zone 9 is .20 x .90,
or 18 percent of the total zone 1 to zone 9 market. The UTPS program UMODEL
described later computes the market segment proportions for all 0-D pairs
in the urban area.

Step 7: Development of Service Levels for Representative Zone Pairs--

For each of the 17 representative zone pairs, it is necessary to code the
cost (OPTC), in-vehicle travel time (IVTIT), and out-of-vehicle time (OVTT)
information for the three modal alternatives used in the demand model: auto
drive-alone, auto shared-ride, and transit. This information is developed
by the analyst using the transit system map or network, the system descrip-
tion log sheet, a general description of the road system, and general
assumptions such as those outlined in Table V-3. Figure V-5 shows the first
sheet (of two) used to record the service levels for 0-D pair 23-13. Note
that service levels are found separately for each market segment in the zone
pair; the second sheet contains the remaining four market segments not in-

cluded in the first sheet.
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TABLE V-3

Level of Service Assumptions (1987)

Auto Out-of-Pocket Travel Costs
(1987)

Auto In-Vehicle Travel Time

Auto Qut-of-Vehicle Travel Time

Auto Daily CBD Parking Cost
" Carpool Auto Occupancy Rate
Carpool In-Vehicle Travel Time Penalty

Carpool Out-of-Vehicle Travel Time
Penalty

Transit In-Vehicle Travel Time

Transit Fares

Walk Times to Transit

Wait Times at Trip Originm

Feeder-line Haul Transfer

12¢ per mile.

Taken from speed and travel time
data provided by City Traffic
and Engineering Departments

Two minutes at non~-CBD origins or
destinations.

Three minutes at CBD origins or
destinations.

$1.20
2.5 persomns

Five minutes

One minute

Taken from Tramsit System
running boards.

30¢ non-Telebus trips.
45¢ trips with Telebus.

Three minutes for route.
0.50 minutes for Telebus.

% headway for fixed route.

Three minutes for Telebus.*

Four minutes for transfers which
occur in CBD.*

% headway for non-CBD transfers.

Three minutes.*

Assumptions for Auto Disincentives

Auto Out-of-Vehicle Travel Time

Auto Daily CBD Parking Cost

%
Coordinated transfers.

Six minutes for CBD origins or
destinatioms.

$2.40
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System puwer,  Operating Policy Moderote  _ _ Year 1987
Description .
Origin 23 _ Destfnation__ 13 Auto Distance 3.6 miles
(A1 values are One-Vay Yalues)

DRIVE ALONHE

OPTC: 12 ¢/mile x _$. 4 auto miles + go (i dally parking cost) 'cts.

IVTT:_ e min/mile (22 wph) x 2 ¢auto miles -Eﬂn.
ovlT: 2+ 3 -Emin.
CARPOOL
OPTC: 101 Drive Alone OPTC/_2.S auto occupancy rate o[30 Jets.
IVTT: 18 Drive Alone IVTT ¢ S __ min, penalty =| 23 gmin.
OVTT:__S Drive Alone OVIT ¢ 1__ min. penalty o[ & Imin.
TRARSIT LINERAUL IVIT '
Operation (mph) min/mile  miles
Bus on local streets : x + ___ nin,
Bus_on freeway s X . uin,
: X = ____ n&in.
: X = ____ min,
: X s voin,
Nuaber of linehaul (station)
stops ({f applicabie) —xuainfstop ___ » ___ wmin,
Total Linehavl IVTT (IVIT wvas taken from ¢ travel time . _7.2 nin,
TRANSTT MEAR-NEAR wep vn Regina)
OPIC = Linehau) one-way fare _ ¢S -cts.
IVTT » Linehavl IVTT 1S [ min.
OVTT = Walk at © -
+ Linehaul wa2it 2t © 5
» Linehaul transfers -0
+ Walk st D - »[12 " imin.
TRANSIT HEAR-MIDOLE
OPTC = Linehau] one-way fare _ ¢S5
+ Feeder fare at D -0 -Ects.
IVTT = Linehaul IVTT s
+ Feeder IVTT at D 12 o[22 _in,

(Feeder IVTT 2t ¢ ___ mfles/min, (speed) x siles (feeder distances a2t 9)

OVIT = Walk at @
+ Linehaul wait 2t C .
+ Linehau!l transfers 0.
+ Feeder wait 2t D (2ero if integrated) _g
+ Walk from feeder at O ¢ o G Jmin,

5

FIGURE V-5

Basic Level of Service Coding (Sheet 1)




V-16

F. 'Description of Model Application

Steps 8 through 10 involve the estimation of mode shares for the
transit, carpool, and drive-alone modes. First, the representative work
and non-work mode shares for each market segment in each 0-D pair are cal-
culated using either manual worksheets or a programmable calculator version
of the worksheets. The representative zone pair results are then mapped
onto total trips in the city using the mapping matrix of Figure V-6 and a
user coded version of the UTPS Program UMODEL. The predicted zone-to-zone
transit trips are then assigned to the transit network coded in Step 3
using the UTPS program UROAD.

Step 8: Estimate Mode Shares for Representative Zone Pairs--Figures

V-7 and V-8 show the worksheets used to calculate the transit mode splits
for each of the representative trips for the peak and off-peak period for
O0-D pair 23-13. Mode splits are calculated for each zone pair and each market
segment separately using the information coded in Figure V-4, For this
study, the modelling did not consider park-and-ride or kiss-and ride trips
because of the city's small size; trips originating in the far subzone of
each zone were assumed to not have transit service available. Both of the
demand models used in this application of the transit sketch planning pro~
cedure were disaggregate travel demand models transferred from Washington,

D.C., and updated for application to this urban area.1

1For a description of the technique for updating disaggregate travel demand
models, see Atherton, Terry J. and Moshe Ben-Akiva, "Transferability and
Updating of Disaggregate Travel Demand Models,'" Transportation Research
Record 610, Transportation Research Board, Washington, D.C., 1977.
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Mapping Matrix
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No market segmentation based on socioeconomic characteristics was used
in this particular application. This decision was made in part due to re-
source constraints, and also because of the relative homogeneity of house-
holds in many zones in the city. In the most general version of the model,
however, Figures V-7 and V-8 would reflect market segmentatiom by auto
ownership level or other socioeconomic characteristics as well as location
within the zone. The variables used in these worksheets are defined in
Figure V-5.

Step 9: Map Representative Mode Shares Onto All Trips (UMODEL)--A

user-coded version of UMODEL is used for this step; the inputs to the
program are:
e a set of directional peaking factors, derived from local highway
and transit system data if possible; otherwise default values are

included in the model;

e proportion of households in each subzone or service level market
segment, by zone;

e mapping matrix that translates representative O-D pairs onto all
0-D pairs;

e mode shares calculated for each representative trip, by market
segment.

Note that UMODEL must be run separately for peak and off-peak analyses
since different service levels, service level market segments, mode shares,
and peaking factors normally will exist for each of these periods. UMODEL
produces four basic outputs:

e a set of zone-to-zone person trip tables by mode

e a trip end summary of person trips by mode

e a trip end summary of transit trips by access mode (subzone)

e a trip end summary of transit revenue by access mode; an additional

input--fares by service market segment for each representative zone
pair--is required if this output is desired.
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by the UMODEL program are assigned to the networks prepared earlier using
the UROAD assignment program. All transit trips are assigned on an all-or-
nothing basis (UROAD selects the single shortest path for each 0-D pair

and assigns all trips to that path.) The link loads are plotted on network

maps and balanced manually, if required.

G. Impact Assessment

Steps 11 and 12 of the sketch planning procedure involve the use of

. manual calculation worksheets to estimate the cost and performance charac-
teristics of the proposed busway system, and the change in fuel consumption,
emissions, and. traffic accidents for both autos and transit.

Step ll: Cost and Performance Estimation--A series of manual work-

sheets are used in this step to determine the bus system's performance and
capital and operating costs. The peak period annual operating costs are
calculated using the worksheet shown in Figure V-9, Route mile and headway
'data are used to calculate the hourly vehicle miles required to cover the
system in the peak hour on lines 1 through 3. The annual vehicle mileage-
related cost for the fixed route system is calculated in line 4, assuming

a 43-cent-per-mile operating cost. Similar calculations are used to deter-
mine the annual mileage-related costs for the demand responsive feeder
service in Lines 5 and 6. Line 7 is used to determine the number of
vehicles required to provide the peak period service, and Line 8 uses this
information to calculate the annual vehicle-hour related expenses, based

on an hourly cost of $15.63. Finally, other operating expenses are cal-

culated in Line 9, and the total annual operating expense for the proposed
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System Busway Operating Policy Moderate Szrvice Levsl Year 19827

PEAK PERIOD OPERATING COST

lo¢ _ pploc Th
mlh ' R‘mpk 20 % 60/* 'loc 2 '-Wl
xp . exp pk 1h
wirP - S 22,5 x so/, 30 -{EVHOXP
bw bw
V= RHLY 25.6 so/uxgw 22 "“w
h
oy, - (‘"“1 oc S50+ Vi 350128 ) X €y, 0-43 (2500pk.hr./yr) - C‘"“w
2 xS . 2K 2d* x 0s/¢ 4.0
W e Pix —=— . ér 22 Y x60 {580 m_
c/d K X
e WX 12
fix dr ——
OV g = WM ;580 C.pq 0.43 x (2500pK.hr/yr) - [zsanJow
. 60 x vMCeso L0k wiP3s ,0x vl 228 .
mSh + Extras 20_ .I‘Jh
{s0-L)ss x 5, 20 (50-1.) 55% Sy 18 (60-L) S8 x 5, 20
29 Zones* x 2 '“:‘J(d
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Number of demand-responsive zones based on peak demand-responsive demand.

FIGURE V-9
'Peak Period Operating Cost Sheet
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system is determined by adding lines 4, 6, 8 and 9. Similar calculations
are carried out on the worksheet in Figure V-10 to determine the total
capital cost of the system based on the number of vehicles of each type
required, the per vehicle cost, and the cost of the guideway. Both total
and equivalent annual capital costs are calculated.

Step 12: Estimate Environmental Impacts--Simple manual worksheets

for estimating changes in emissions, fuel consumption and accidents are
available within the sketch planning procedure. Changes in annual auto VMT
are used as base data in the calculations. The base case VMT for the
analysis year must be determined by running the model system with a transit
system reflecting existing conditions. The VMT predicted for each tramsit
alternative under study is then compared to the base VMT to determine VMT
changes. The worksheet for calculating emissions is shown in Figure V-11.
The annual change in total emissions is calculated solely from the predicted
change in VMT for autos and buses. Auto emissions rates for CO, HC, and
NOx are determined from Table D.7 in Volume I, based on an assumed travel
speed, and bus emission rates acquired from EPA Report AP—42.l A more
sophisticated and accurate appraisal of the air quality impact of the alter-
native transit systems could be made using the auto emissions worksheets

(see Volume I, Section 4.1).

H. Interpretation of Results

The manual sketch planning procedure as applied to the busway alterna-
tive provides a comprehensive set of estimates of the impact of tramsit

development alternatives. .Data on capital and operating cost, revenue,

1Environmental Protection Agency, "Compilation of Pollutant Emissions
Factors," EPA Report AP-42, Second Edition, 1976.
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ridership, VMT, fuel consumption and air quality are developed in an
integrated procedure. Table V-5 illustrates the type of system impact
summary which can be developed for each of a range of alternative trans-
portation systems. The information available from the procedure is
sufficient to screen out a small subset of attractive options for further

development and detailed analysis.
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CASE STUDY VI

FREEWAY RAMP METERING IN A HEAVILY CONGESTED CORRIDOR






CASE STUDY VI: FREEWAY RAMP METERING

IN A HEAVILY CONGESTED CORRIDOR1I

A, Problem Presentation

The Eastshore Freeway, a major urban highway on the eastern side of
San Francisco Bay, serves commuter traffic destined for San Francisco,
Oakland, and Berkeley from the Northeast quadrant of the Bay Area (see
Figure VI-1). Rapid suburban development oriented around the corridor
has lead to increasing peak hour congestion in recent years, with a
spillover effect on parallel arterial routes.

- The Eastshore Freeway Corridor begins at the junction of three major
freeways: I-80 from San Francisco via the Bay Bridge, State Route (SR) 17
from Oakland and the South Bay Area, and I-580 from Oakland and the
eastern suburbs. The corridor is approximately 10 miles long.

The freeway is heavily travelled throughout the study section but
congestion is particularly bad at the ends. 1In general, demand diminishes
along the study section but at a slower rate than capacity, resulting in
bottlenecks and congestion under the present situation. On San Pablo Avenue,
a parallel arterial street, traffic is moderate except for several
critical intersections with heavy cross-flow, such as University Avenue,
Cutting Boulevard and Barrett Avenue (see Figure VI-2).

San Pablo Avenue is a four-lanme (occasionally six-lane) signalized
major arterial located parallel to the freeway and extending for the en-
tire length of the study section. Figure IV-2 shows its location in

relation to the freeway and the placement of signalized intersections.

lThis case study was originally developed by the Institute of Transportation
Studies, University of California, Berkeley. It has been adapted from material
in: Jovanis, Paul P., Wai Ki Yip, and Adolf D. May, FREQ6PE - A Freeway Priority
Entry Control Simulation Model, Institute of Transportation Studies, University
of California, Berkeley, November 1978.
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B. Proposed Transportation Measures

Funding limitations and the substantial capacity constraint of the
Bay Bridge (five lanes fed by three major freeways) have prompted the con-
sideration of non-construction alternatives for mitigating congestion in
the corridor. Ramp metering has been prominent among these proposals.

Two approaches to ramp metering are under consideration; one in which
vehicles entering the freeway are controlled without regard to type, and
one affording priority ramp entry for multiple occupant vehicles. These
strategies are studied for the PM peak only, in the northbound direction,
although, in principal, southbound AM congestion could have been evaluated

in a similar analysis.

C. Selection of Analysis Techniaue

Because of the complexity involved in the detailed planning and eval-
uation of freeway ramp metering on a specific highway, manual sketch plan-
ning techniques are not appropriate for this analysis. The computer model
FREQGPE1 was specifically developed for analyzing freeway measures such as
ramp metering. Given its computational power, the data requirements and
run expenses for the program are modest. FREQ6PE is, therefore, chosen to

analyze the ramp metering options for the Eastshore Freeway.

D. Overview of the Analysis

The major effort involved in the ramp metering analysis is the prepara-
tion of input data for the FREQ program. The program itself produces

vehicle emissions and fuel consumption impact estimates, as well as a

1Jovanis, Paul P., Wai KiYip, and Adolf D. May, FREQ6PE - A Freeway Priority
Entry Control Simulation Model, Institute of Transportation Studies, Univer-
sity of California, Berkeley, November 1978. Also see Volume I, Section 3.3.2
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description of traffic flow on the Eastshore Freeway and San Pablo Avenue.

FREQ requires a detailed description of freeway and entrance ramp

geometry, origin-destination flows, and freeway operating policies,

including:

e "time slices" defined to capture the distinct phases of freeway
flow

e o more than 40 subsections of the freeway and their capacity,
length, and other characteristics

e similar subsections of the parallel arteriai
e ramp capacities
e origin-destination volumes for autos and buses
® base flows on arterial subsectiomns.
The following section describes the development of input data for the

analysis.

E. Input Data Development

The input data required for the FREQ6PE model are of three major
types: freeway facility data, freeway demand data, and parallel
arterial route data. Each of these three data types is described below.

The ten-mile study section was divided into twenty-seven sub-
sections with boundaries signifying changes in traffic demands and/or
capacities. The applicable data for each subsection are shown in
Figure VI-3. For example, subsection 20 is three-lanes wide, has a
capacity of 5880 vehicles per hour, and a length of 1100 feet. It has
an origin (on-ramp) at the beginning of the subsection, designated as

a special ramp because of the extended length of the merge area. The
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subsection has a 2 percent up-grade and a smooth surface, and is on a
tangent. Three percent of the vehicles are buses and trucks, and 30
percent of these are diesel powered.

The freeway design speed is used to indicate the appropriate
speed-volume/capacity relationship for each subsection. These V/C
curves are internal to the program. A sixty-five mph curve was used
for subsections 6 through 27 whereas a fifty-five mph curve was used
for subsections 1 through 4 because of heavy merging traffic due to
the three upstream freeways. An intermediate user supplied curve was
used for subsection 5. A capacity value of 1500 vehicles per hour
was selected for all ramps except for off-ramp 6, which was assigned a
value of 2200 vehicles per hour. Because of the heavy weaving in many
areas of the study section, an internal model option was used to
decrease the capacity of certain sectionms.

The afternoon peak in this corridor extends roughly from 3:30 PM
to 6:00 PM. Fifteen minute time "slices" were selected for analysis,
yielding a total of 10 separate time periods for the peak. Two sets of
origin and destination tables were prepared for each time slice: one
for passenger vehicles and the other for buses. An example 0-D table,
for passenger vehicles during the first time slice, is shown in Figure

VI-4.1 All buses enter the freeway at the mainline origin and leave

1These 0-D tables were developed from observed flows at each of the on-

and off-ramps and at the mainline start and end points. A computer

program was used to synthesize 0-D voluems consistent with these marginal
totals. For some FREQ applications, policy conclusions could be affected

by the accuracy of this O-D approximation, in which case it may be desirable
to measure the actual flows more directly.
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FIGURE VI-4

Sample Origin-Destination Data for Eastshore Freeway - Time Slice One
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the freeway at one of five off-ramps: Ashby, University, Central,
Carlson and the mainline destination. During the period 3:30 to 6:00
PM, a total of 103 buses use the freeway, with an average occupancy
of thirty-three persons.

The model also requires an occupancy distribution for passenger
vehicles at each ramp, as shown in Figure VI-5. The proportions of single
occupant autos and two-, and three-person carpools, as well as the propor-
tion of buses, are specified for each ramp. In addition, the average occu-
pancies for passenger vehicles carrying three or more persons and for
buses are specified for each on-ramp.

The arterial, like the freeway, is divided into twenty-seven
subsections. Each subsection corresponds to a freeway subsection and
requires three types of descriptive information:

® capacity in vehicles per hour;

o free-flow speed in miles per hour; and,

e a variable indicating whether or not there are signals on the

subsection, and if there are signals, whether the progression
is poor or good.
Figure VI-6 provides these data for San Pablo Avenue. For example,
subsection 1 has a capacity of 3630 vehicles per hour, no signals, and
a free-flow speed of 30 miles per hour. Subsection 2 has a capacity
of 1971 vehicles per hour, contains signals with good progression, and

1
has a free-flow speed of twenty-five miles per hour.

1Arterial data for this case were derived from previous TRANSYT modelling
work. Typically, one would develop more approximate speed and capacity

data for such an arterial based on number of lanes, lane widths, turning
movements, and, if possible, more detailed field measurements. The accu-

racy requirements for these data are less stringent than for the freeway
itself.
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Free-Flow Speed Capacity Arterial
Subsection . —— —LIype
1l 30 3630 NS
2 25 1971 G
3 25 1971 G
4 25 1686 G
5 25 4918 NS
6 27 2224 G
7 20 2681 G
8 28 2529 G
9 23 2155 G
10 26 2515 G
11 26 4300 NS
12 26 2211 G
13 20 2325 G
14 20 2475 G
15 26 3331 G
16 23 2023 G
17 29 2000 G
18 30 1954 G
19 30 2722 G
20 24 5938 NS
21 24 2524 G
22 27 1358 G
23 25 3055 G
24 27 2322 G
25 30 3367 G
26 30 2014 G
27 30 4400 NS

NOTE 1: NS = No Signals; G = Signalization with Good Progression; and P =
Signalization with Poor Progression.

FIGURE VI-6

San Pablo Avenue Facility Data
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The flow data for the arterial consist of estimates for each
subsection for each time slice. The flows are entered on a separate
set of cards. 1In this application, there are ten such sets of cards.
Field observations indicated an average occupancy of 1.2 persons per

vehicle for San Pablo Avenue, which was used in this model.

F. Description of Model Application and Impact Assessment

Detailed program documentation1 describes the input format
required by FREQ6PE, which will not be described here. The model
produces extensive, detailed output for each time slice and subsection,
including: £flows, volume-capacity ratios, speeds, queue lengths,
fuel consumption, and emissions. Attention should be directed to the

congestion queue diagram and to the freeway and arterial summary tables.

Base Conditions

The queueing diagram of freeway congestion for the pre-control
situation is shown in Figure VI-7. The vertical scale is time and the
horizontal scale is distance along the freeway. Time moves up the
diagram and traffic moves from left to right. The diagram identifies
three separate bottlenecks in subsections 5, 20 and 25, and their
accompanying upstream congestion. Congestion first begins at the start
of time slice 3 (4:00 PM) and all congestion is over at the end of
time slice 9 (5:45 PM). The bottlenecks and accompanying queues are
separate from one another and there is a slight offset in the time

periods of congestion.

lJovanis, Yip, and May, op.cit.
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The bottleneck at subsection 25 is a minor one, resulting in small
congestion delays. The congestion due to bottlenecks at subsections 5
and 20 are much more severe. The queueing diagram illustrates a rather
complex congestion pattern én the freeway. Just as congestion ends at
the upstream end, the queue due to the bottleneck at subsection 20 is
at its peak. Again, as congestion ends upstream of subsection 20, the
queue in subsections 23 and 24 is at its peak. We may expect this
congestion pattern to be reflected in the ramp metering plan and
associated traveller responses.

The freeway and arterial summary tables are shown in Figures VI-8
and VI-9. Summary data are presented for each time slice and for the
.entire analysis period. This information serves as the base condition,
and all entry control results are compared with it. For example, in
Figure VI-8, the total freeway travel time is 398l passenger hours,
while the arterial time is 1251 passenger hours. The total travel
distance is 184,297 passenger miles for the freeway and 28,323 passenger
miles for the arterial. The arterial thus carries 15 percent of the
corridor passenger miles, yet because of a lower level of service

accounts for 30 percent of corridor passenger hours.

Entry Control Analysis_

The two entry control situations analyzed included ramp metering
without priority ramp lanes and ramp metering with priority ramp lanes.
Three analysis phases were undertaken for entry control without bypass

priority ramp lanes: analysis with no diversion, analysis with
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short-term diversion, and analysis with short- and longer-term
diversion. The "No Diversion" impacts are those that can be expected
to occur on the first day of the operation with a particular entry
control plan. The "Short-Term Analysis" takes place from two to four
weeks after the start of entry control. The "Longer-Term Analysis"
takes place approximately two to four months after the start of entry
control.

For the no-diversion case, the ramp metering plan and the resulting
ramp queue model, are shown in Figure VI-10. The metering plan calls
for seven ramps to be controlled for varying periods of time between
4:00 PM and 5:15 PM. It clearly reflects the congestion pattern
illustrated by Figure VI-7. The bottleneck in subsection 5 is relieved
by metering on-ramps 2 and 3 during time slices 3, 4 and 5. Equity1 is
reflected in this portion of the metering plan through control of on-ramp
2 despite the location of the bottleneck just downstream of on-ramp 3.
Tighter control at ramp 3 alone would have relieved the congestion with
lower total delay but at the cost of very high delays for travellers
entering the freeway at on-ramp 3.

The congestion caused by the bottlenecks at subsections 20 and 25

is relieved by metering ramps 4, 6, 7, 8 and 9 for varying times between

IThe equity considerations of freeway entry control have been a source

of much discussion in recent years. Equity here refers to the more
equal sharing of ramp metering delays. Through this more equal sharing,
more people will pay a small amount in time penalty rather than have a
small number of users pay a very large amount (in increased ramp delays).
The benefits of entry control still accrue to those who get on the
freeway and are now able to travel congestion-free. The costs are
merely distributed to more freeway users.
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4:00 PM and 5:15 PM. Once again, control at on-ramp 9 would have been
sufficient to relieve congestion, but massive queues would have
accumulated. To avoid these queues, on-ramp 9 is only controlled
during time slices 5, 6 and 7, and ramps 4, 6, 7 and 8 are controlled
during other time periods. The control at on-ramp & dﬁring time slices
5 and 6 is an attempt to spread the queues resulting from control to
many on-ramps. On~ramp 5 is not metered at all because of heavy input
demand (approximately 1200 vphs). Any control at on-ramp 5 would have
resulted in very large queues and possible under-utilization of the
freeway. In order to prevent on-ramp 5 from being under control, a
"No Control" program option was exercised for this ramp from time slice
3 through time slice 8.

A comparison of corridor impacts for the no-diversion and base
cases is shown in Figure VI-11l. There are varying effects depending
on the impacts under consideration. Small travel time savings (2%) are
counterbalanced by increases in fuel consumption and vehicle emissions.
Similar results for the short and longer term are shown in Figure VI-12.
These indicate that even after a longer-term shift in corridor travel
patterns, the net effect of undifferentiated ramp metering is to reduce
the average delay experienced by travellers, while increasing fuel
consumption and pollutant emissions. This is because moderate average
speeds under the congested base conditions are not necessarily worse
for auto efficiency than the higher speeds made possible by ramp meter-
ing. Also, ramp queues with idling vehicles would exacerbate the nega-

tive emissions and fuel consumption effects.
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Differences
Freeway Alt. Rte. Total % Change
Travel Time veh-hr -84 0 -84 =2
pass=hr |-123 0 +123 -2
Fuel Consumption | gal 71 0 71 1
Rydro-Carbons kg 5 ' 0 5 , 1
Carbon-Monoxide kg 83 0 83 2
Nitrous Oxide kg 50 0 50 8

Note: Differences are values after control minus values before control.

FIGURE VI-11

Eastshore Freeway Differential Effects: Entry Control

Without Bypass Priority Ramp Lanes, No Diversion
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Percent Change

from the base case
. Short-term Longer-term

Diversion Diversion
JTravel Time veh-hr -2 -1
pass-hr -3 -2
Fuel Consumption gal. 1 1
HC kg 0 1
co kg 1 2
NOX kg 9 9

FIGURE VI-12

Effects of Short- and Longer-term Diversion for Ramp

Control Without Priority Entry
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The second metering scheme permits priority entry at each ramp for
vehicles with_three or more occupants. This implies a shoulder or
second lane at each on-ramp for use by priority vehicles to bypass
queued non-priority vehicles and gain unrestricted access to the free-
way. The revised metering scheme with no diversion is shown in Figure
VIi-13. It is virtually identical to Figure VI-10. The impacts for
each state of diversion are shown on Figure VI-14. A fourth type of
diversion--mode shift--is included here. 1In the previous example, no
mode shift was likely because of the equal effects on all modes of the
metering scheme. However, priority entry yields further benefits for
transit and shared-ride users, at the expense of low-occupancy autos
and trucks. Thus, some kind of modal effect is certain. As Figﬁre
VI-14 shows, the predicted modal effect is very small. In fact, the
overall difference in fuel consumption and emissions between the
non-priority and priority cases is very small. The travel time savings,
however, are much higher because it is high occupancy vehicles which
benefit from this strategy.

Several other results from this analysis are of particular note.
The priority entry scheme also was analyzed fo; 2+ occupant vehicles,
with further improvement in most of the impact measures (see Figure
VI-15). The same analysis was redone without consideration of equity
among ramps, yielding a marked improvement in all categories except
NOX emissions. Thus the practical need to distribute the negative
effects of ramp metering geographically appears to be significant con-

straint on environmental and energy benefits.
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Percengrom the base cgggnge

no short-term longer-term model

diversion diversion diversion shift
Travel Time veh-hr -1 -3 -3 -3
pass-hr -4 -6 -5 -5
Fuel Consumption gal 1 1 1 1
HC kg 2 0 1 0
CQ kg 3 1 2 1
NOX kg 8 8 9 9

FIGURE VI-14

Effects of Ramp Control with Priority Entry for

Vehicles with Three or More Occupants
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Percent Change
from the base case
Equity No Equity
Veh - hr -4, -6
Travel Time pass - hr 4 -6 -7
Fuel Consumption gal 1 0
HC kg 0 -2
co kg 0 -1
NOX kg 9 9

FIGURE VI-15

Effects of Ramp Control After Diversion and Model Shift With

Priority Entry for Vehicles with Two or More Occupants
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G. Interpretation of Results

This entry control analysis and the FREQ6PE model in general must
be viewed in light of theoretical and empirical limitations, including:

e Vehicle emission estimates are based on the EPA modal emissions
model and reflect a vehicle fleet without current emission
control devices. Although this should not radically affect the
percentage changes, future applications should be preceded by
an update of the emissions models. This also is true of the
fuel consumption model.

® Parallel route traffic is computed assuming all traffic diverts
to a simulated single arterial. In practice, the diversion is
likely to occur on many routes, so the resulting arterial
congestion may be less than for a single route. The probable
implication is that the estimates of arterial impedence are high,
and actual costs under field conditions may be less.

o No buses are present at freeway on-ramps in the Eastshore Free-
way Corridor; therefore, only mode shift to carpools is simulated.
In other operating environments, where buses are present, larger
mode shifts may occur. Again, the implication is that the analysis
results may be slightly conservative.

e All entry control results assume no change in temporal or total
demand. The effect of temporal demand shifts due to entry
control are very difficult to estimate. As the total demand
level increases, however, it is possible that greater benefits
will accrue with priorit{ entry. This hypothesis is supported
by sensitivity analyses. ‘

e All results are for entry control alone. The effects of combined
TSM tactics were not evaluated. Examples of combined tactics
are entry control with variable work hours, and/or entry control
with parking measures.

e The analysis did not consider potential accident and/or safety
improvements which may be significant.

o Enforcement and bypass lane construction costs were not considered
because of their highly site-specific nature.

1J'ovanis, et al.. op.cit.
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CASE STUDY VII: AREAWIDE ANALYSIS OF
TRAFFIC ENGINEERING MEASURES®

A. Problem Presentation

The central sections of radial freeways in a medium-sized
Midwestern city experience recurring congestion during peak travel
periods. Most of the arterials in the central city have heavy traffic
flows throughout the day, with congestion becoming severe during the
peak periods in many locations. Although the area has a relatively
extensive network of interconnected traffic signals, during recent
years not enough attention has been given to maintaining timing plans
which reflect the current pattern of traffic flow. Consequently,
delays to traffic occur throughout the day because of inefficient
signal operation.

Air quality is a major concern in the area, as it experiences
some of the worst air pollution conditions in the nation. A majority
of the HC and CO pollutants in the region's air are attributable to
automobile travel. The local Metropolitan Planning Organization (MPO)
is in the process of evaluating transportation measures for inclusion
in the 1982 SIP revision submittal. A variety of measures are being
evaluated, including actions to improve traffic flow. There is concern
however, that these actions may encourage additional travel and, thus,

more severe air pollution (as well as increased fuel consumption).

1Adapted from Wagner, Frederick A., Urban Transportation Energy Conser-
vation Vol. IV: Analysis of Traffic Engineering Actions, prepared under
subcontract to Cambridge Systematics, Inc. for the U.S. Department of
Energy, September 1978.
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Proposed Transportation Measures

Three major types of traffic engineering action are being evaluated:

1.

2.

Freeway surveillance and control utilizing ramp metering

to manage the demand entering congested sections of free-
ways. This action applies only during peak periods and only
for congested zones of the freeway system.

Optimization of traffic signal timing to make the most

efficient use possible of the existing traffic signal sys-
tem. This action is a continuing effort requiring periodic
measurements of traffic patterns in the signalized network
and computation of corresponding optimum timing plans for
different periods of the day either through manual or com-
puterized techniques. This action is applicable to the
entire system of surface arterial highways, both within and
outside of congested zones.

Implementation of improved master control systems for the

signalized network. This usually entails providing real-

time computer control systems to allow a more flexible
range of timing plans and/or traffic-responsive control al-
gorithms which select or adjust signal timing based on
actual fluctuations of traffic patterns. Such systems are
most applicable within congested zones and on major access
routes to high-activity centers, rather than areawide.
Ultimately, such systems might be implemented throughout

the arterial system, but for short to medium term planning
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purposes, the more limited application is more realistic
to échieve.

Each of these measures will improve the flow of traffic on the
highway sections to which they are applied, thereby decreasing average
travel times and per-mile fuel consumption and emissions rates for autos.
Each may tend to encourage additional auto travel in the region as well,
prompting concern about their efficacy in addressing environmental pro-
tection and energy conservation objectives. An analysis technique sensi-
tive to both the supply and demand impacts of the proposed measures is re-
qured in order to evaluate the degree to which they support efforts to

improve air quality in the region.

C. Selection of Analysis Technique

The manual areawide traffic engineering analysis method (3.1.3)1
combined with the emissions worksheets (4.1) are chosen for application
to the evaluation of the proposed measures. Several aspects of the evalua-
tion point to the use of these techniques:

e Both supply and demand impacts must be considered. The
manual sketch planning technique includes estimation of
the increase in auto travel associated with improved
traffic flow as well as travel time and fuel consumption
impacts.

e The concepts to be evaluated are not developed in detail.
Specific locations or highway facilities have not been
identified as candidates for any of the proposed actionms.
A general assessment of the areawide impact of the im-
plementation of these improvements where appropriate is
desired.

® An analysis of three distinct measures is required within
a limited budget. Based on the general assessment of the
effectiveness of the measures, more detailed studies may
be conducted later. An inexpensive approach, able to use

1 R ‘e s
The section numbers following specified analysis methods refer to the
location of their description in Volume I,
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available data is required, suggesting the use of a
manual technique.

° The anual missions orksheets can interface directly
with the manual traffic engineering analysis technique
and yield accurate estimates of changes in HC, CO and
NO, emissions.

D. Overview of Analysis

The analysis is carried out in a well-defined sequence of steps
as shown below. As with the other manual techniques described in
this volume, a primary component of the analysis is market segmen-
tation. 1In this case, different highway facility types, or functional
classes, provide the basis for segmenting the areawide travel market,
as noted in Step 1. The impact of the proposed traffic engineering
actions is estimated separately for each highway functional class.
The results are then aggregated to develop estimates of the areawide
impact of each action. Work and non-work travel are also analyzed
separately, with the overall impact being determined by combining the
results of the separate analyses.
The steps involved in the areawide analysis of traffic engineering
measures are:
1. Segment the total highway network into relatively homo-
geneous functional classes characterized by varying values
of travel time per mile, and travel time elasticity.

2, Estimate the proportion of areawide VMT using each func-
tional highway class.

‘3. Estimate the average travel time per mile for each func~
tional highway class, and areawide average travel time.

4. For each proposed traffic engineering action, estimate the
fraction of each highway class affected by the action.
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5. For each proposed traffic engineering action, estimate
the proportional shift in travel time caused by the
action.

6. For all actions combined, estimate the proportional shift
in travel time on each functional class of highway, the
resulting new travel time on each highway class, and the
new areawide travel time.

7. Compute the areawide proportional shift in travel time
caused by the combined traffic engineering actionms.

8. Estimate the elasticity of travel time for each functional
highway class, and the areawide elasticity of travel time
to changes in VMT.

9. Estimate the areawide elasticity of VMT to changes
in travel time.

10. Estimate the proportional change in areawide VMT, at
the new equilibrium point resulting from traffic engineering
actions.

11. Estimate the proportional change in areawide travel time
at the new equilibrium point resulting from the traffic
engineering actions.

12, Estimate the elasticity of fuel consumption rate to changes
in travel time.

13. Estimate the proportional change in areawide fuel consumption
caused by the traffic engineering actions.

14, Compute the combined work and non-work impacts on VMT,
travel time, and fuel consumption. (Steps 1-13 are
repeated for work and non-work travel.)

15. Estimate the proportional change in auto emissions using

the manual emissions worksheets.

E. Input Data Development

Steps 1, 2 and 3 involve setting up the analysis and acquiring
base input data on the characteristics of auto travel in the urban

area. These steps are described in detail below.

Step 1: Segment the Total Highway Network Into Functional Classes
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As described above, the concept of travel segmentation is
used in the manual traffic engineering analysis procedure.
Travel in the urban area is subdivided into the following five
functional classes of highway facilities:

1. Smooth flow sections of freeways

2. Congested or queued zones of freeways

3. Line-haul sections of arterial streets carrying mainly
through traffic where conditions result in higher
speed operation than on congested zone arterials

4. Congested zone sections of arterial streets where
physical, traffic control, land use intensity, and
traffic demand levels result in slow speed traffic
operation (mainly located in high~employment centers)

5. Local streets, off the major arterial system, which
mainly provide access to residential land uses

Segmentation of travel into these classifications aids in the
analysis of potential impacts of traffic engineering actions in
several ways:

. Determination of average travel time for each segment
permits a more systematic estimate of average travel
time for the total network either under existing con-
ditions or under modified conditions impacted by the
application of various traffic engineering actions.

° Segmentation of VMT into the proportions occurring
on each functional class provides a mechanism for
estimating what portion of VMT is affected by any
given engineering action.

] Specification of travel time elasticities to changes
in VMT for each functional classification permits
estimation of this elasticity for the whole network.

The degree to which travel in the area could be segmented

was controlled by the availability of data for the highway func-

tional classes which are identified by the segmentation scheme.
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Steps 2 and 3 describe the data required for each functional

class of highway.

Step 2: Estimate the Proportion of Areawide Work and Non-Work
VMT Using Each Functional Highway Class, P

Vi

With respect to VMT on freeway segments, it is assumed that
all freeway traffic operates in the smooth flow regime for non-
work travel, but that some portions of the freeway operation are
in the congested regime during work travel periods. Separation
of total freeway work trip travel, Pvl+2’ into its two components
requires knowledge of the overall average freeway travel time per
mile, t1+2, plus assumed values of travel time for the smooth flow
and congested flow components, tl and t,. Based on data from

2

other cities, t, = 1.3 and t, = 3.5 minutes per mile. Then:

s < ) tl+2- 1.3
v2 v1+2

3.5-1.3
vl Pvl+2 Pv2

For the urban area under study, the U.S. DOT's 1974 National

Transportation Report, Urban Data Supplement, gives the fol-

lowing information:

Proportion of

Total VMT
Freeway 0.22
Arterial 0.71

Local 0.07
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For work travel, the freeway portion of this data is further

subdivided:

tl+2 = 1.45 minutes per mile!
o b ( tigo = 1.3)
v2 v1+2 3.5 - 1.3
=0.22 ( 1.45-1.3 ) = 0.015
2.2
P =0.22 - 0.015 = 0.205
vl

The estimate of the portion of arterial VMT in congested zones
presented a more difficult problem since an areawide inventory
of travel time was needed to do this precisely. However, it
was hypothesized that a substantial portion of the congested
arterial sections are in CBD areas and the remainder are found
in a few other high-activity centers in the urban area.
Complete traffic count data was available for the CBD as
part of the ongoing traffic engineering program of the region's
central city. This data was used to estimate VMT in the CBD.
It was found that CBD VMT equaled approximately 2 percent of
the areawide total. Assuming that the CBD accounts for about
half the total areawide congested zone traffic, the estimate

of the portion of VMT in congested zones was raised to 4 percent

! This value was obtained from UTPS highway network model validation
runs, conducted as a standard aspect of the urban area's ongoing
transportation planning process.
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of arterial VMT or 4+0.7) = 3 percent of areawide total VMT.
The following breakdown of work and non-work VMT into the

five highway functional classes emerged from this analysis:

Work Non-Work

Functional Class, i PVi PVi
1. Smooth flow freeways 0.205 0.222
2. Congested zone

freeways 0.015 0
3. Line-haul arterials 0.68 0.68
4, Congested zone

arterials 0.03 0.03
5. Local streets 0.07 0.07

Step 3: Estimate the Average Travel Time per Mile for Each
Functional Highway Class, ti, and Areawide, t

The ti values for the individual functional highway classes
were estimated as follows:
° For cases where all freeways are operating with

smooth flow, e.g. during non-work travel periods,
the following relation was assumed:

_ \'
tl =1.1+0.2 C
where:
V _ the average volume to capacity ratio
C for all freeways

1 These assumptions are based on empirical evidence from a number of
cities. See Wagner, Frederick A., Urban Transportation Energy
Conservation, Volume IV:Analysis of Traffic Engineering Actions,
prepared under subcontract to Cambridge Systematics Inc. for the
U.S. Department of Energy, September 1978.
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° For congested (queued up) zones of freeways it
was assumed that

~ 1
t2 = 3.5

° As shown in Step 2, above, composite freeway
travel time during peak periods, tj49, is used
to estimate the proportion of VMT operating in
the smooth flow regime, Pvl’ and in the congested
flow regime, P,5. The composite freeway travel
time needed in this computation can be obtained
from available freeway performance data, from
new samples of travel time on representative sec-
tions of freeway, or by using freeway flow simu-
lation models to estimate existing conditions.

In this case, freeway flow simulation was used to
estimate t1+2.

o For general arterials and congested zone arterials,
estimate t3 and t; from available travel time data
or from new samples of travel time data collected
on a representative sample of routes. (Alterna-
tively, use street traffic flow simulation models
to estimate t3 and t, for representative routes
or zones of the network).

] For local streets, estimate tg from available data
or from small samples in representative neighborhoods.
For this urban area, substantial peak period travel time data
were available. Table VII-1 summarizes the analysis and inter-
pretation of the available data to obtain estimates of t for dif-
ferent functional highway classes:
The basic results are:

Work Travel

Functional Class, i ty
1 1.3
” 3.5} 1.45
3 2.83
4 4.11
5 3.0

1 see footnote on previous page.
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Given the values of ti and Pvi for individual functional

highway classes, areawide average travel time, t, is estimated

by:
t= § Pvi ti
For this urban area,
t = 2.58 minutes per mile, or 23.3 mph

The travel time characteristics for non~work travel are signifi-
cantly different than for work travel since the preponderance of
non-work trips are made outside of peak periods. No substantive
field data were available fér off-peak travel, hence, it was
necessary to base non-work travel time estimates on the following

set of assumptions:

. The distribution of VMT by highway class for non-work
travel is the same as for work travel

. Negligible freeway congestion is encountered by non-
work travel. Therefore, average freeway travel time
was assumed to be 1.2 minutes per mile (50 mph) -
all in the smooth flow regime.

) For travel on local streets, it was assumed that work
and non-work travel times per mile are equal since
local streets are so sparsely loaded.

o For arterial streets, it was assumed that an average
elasticity of travel time of 0.17 could be used to
estimate the difference between non-work period and
work period travel times.1 Assuming that hourly
traffic volumes during non-work trip periods are 40
percent lower than during work trip periods, then
average travel times should be approximately
40(0.17) = 7 percent lower for non-work trips.

! See Wagner, op. cit. for a discussion of the basis for this assumption.
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These assumptions yield the following estimates of t, for non-

work travel:

Non-Work Travel

Functional Class, i i
1 1.2
2 -
3 2.63
4 3.82
5 3.00

These data plus the Pvi values for non-work travel from Step 2
can then be used to calculate areawide average travel time, t,

for non-work travel. For this urban area,
t = 2.38 minutes per mile, or 25.2 mph

F. Description of Analytical Procedure

Steps 4 through 14 involve the application of the manual traffic
engineering analysis method. These steps are described below.

Step 4: For Each Proposed Traffic Engineering Action j, Estimate
the Fraction of Each Functional Highway Class Affected by the

Action Fij

This step defines where in the highway network an action
is implemented, or in other words, what portion of VMT within
an individual highway class is affected by a particular action.
This permits an accurate representation of actions that are de-
signed for specific subareas or corridors, as well as those which
are applied throughout the area on all highways of a given func-

tional class. The three proposed traffic engineering actions
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were assumed to apply to the highway network as follows:

1.

Step 5:

Freeway surveillance and control was assumed to be
implemented on all congested zones of the freeway
system. Therefore, the incidence of this action is
represented by setting Fp; = 1.00.

Optimization of traffic signal timing is assumed to
be undertaken for the entire system of surface ar-
terials both within and outside of congested zones
(i.e., for functional highway classes 3 and 4). The
incidence of this action is represented by setting
F39 = 1.00 and F4p = 1.00.

Implementation of improved master control systems for

the signalized network was assumed only within con-
gested zones and in other high activity centers ini-
tially. The incidence of this action is represented

in approximate form by setting: F33 = 0.5 and F43 = 1.00.
In other words, the action is conservatively assumed to
apply to all congested zone arterial traffic and to half
the remaining arterial VMT.

For Each Proposed Traffic Engineering Action j, Estimate

the Proportional Shift in Average Travel Time on Affected Locations,

Fij, Caused by the Action, Pstij

This impact is defined as the shift in average travel time

that would occur under given fixed levels of VMT on those portions

of the highway network where an action is applied. Estimates of

PStij may be made based on observed impacts resulting from the same

type of action implemented in other places (e.g., either other

locations in the same urban area or in some other similar urban

areas).

Tables VII-2, VII-3, and VII-4, for example, summarize the

impacts of traffic signal system projects and freeway traffic control

projects in several cities, and provide estimates of the order of

magnitude of Pstij for these actions.
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Table VII-2 summarizes impacts of traffic signal timing
efforts in several cities encompassing a wide range of types of
surface arterial highways. The impact averages approximately 12
percent - a figure used for this analysis. Alternatively, recent
retiming projects could have been used as examples of the potential
of this action in the urban area if accurate before and after data
on travel speeds were available.

Table VII-3 summarizes the impacts of wvarious projects in
which the master control system for traffic singals was upgraded.
The size of the impact is strongly dependent on the base condition
of the traffic control system. Data in this figure are organized
into four sets which vary with respect to the base conditions.

The average impact for each set is summarized below:

Base Condition Pstij

1. Fully or Partially Non-Interconnected

Signals with 0l1d Timing Plans -0.32
2. Interconnected Signals with Single

Dial Master Control and 0ld Timing

Plans -0.17
3. Non-Interconnected Signals, with

Traffic Activated Control of Indivi-

dual Signals -0.12
4. Interconnected Signals with Three

Dial Master Control and Actively

Managed Timing -0.06

The base conditions in the metropolitan area under study are
fairly well advanced and are most accuratedly represented by 4,
above. Therefore, the impacts of improved master control of traf-

fic signals is estimated at Pstij = 0.06, a 6 percent improvement
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TABLE VII-2

Traffic Signal Timing Optimization Impacts

Average Speed, Mvn

Mmber of Percent
Location Intersections Study Method 4me of Day || Before | After | Change

Toronte Ceatral Area 68 Field Measurement -9 15.8 | 16.5 [+ 4.4
10-12 17.1 | 17.5 |+ 2.3
1-3 15.5 {16.3 |+ 5.2

=6 13.7 |13.7 0
Joronto Suburban Area 51 Field Measurexent 7-9 21.3 [ 20.0 {~- 1.4
10-12 28.2 | 29.1 |+ 3.2
1-3 27.5 | 28.1 |+ 2.2
-6 21.7 {20.9 | = 3.7
- San Jose ~ CBD L6 TRANS Simlation ) 15.4 15.7 j+1.¢
los Aageles = Inner City 26 TRANS Sipulation P, 20-6 F 17.4 (20.6 |+21.1
(Broaéway - Figueros) 4=5:30 15.4 | 18.9 {+22.7
los Angeles - Inner City 6 TRANS Sipulation 2:30-3:30 4 21.1 | 24.9 | +18.0
(Pico Boulevard) 4:30-5:30 4 20.2 | 21.5 |+ 6.4
los Axgeles - Iamer City 45 TRANS Sizulation AY Fesk 13.1 | 14.4 |+ 9.9

(Wilshire Boulevard)

Yacon, Georgia C2D 54 S$1G0? Sizulation 7:45~8:65 | 12.7 | 14.&4 [ +13.4
4:45-5:45 1 11.7 | 13.7 [ +17.1
1aglevood, California 60 SIGOP Simulatien 7-10 22.9 | 30.9 |+35.0
Citywide 3-6 22.0 | 30.0 |+36.0
MontgomeTy, Alabaza C3D 50 TRANSYT AY, Peak 16.31 1 20.24 | +24.1
Sizulation 0ff Peak 19.09} 20.26 | + 6.1
PM Pezk 17.94 | 19.87 | +10.8
Charlotte, NC CBD Fringe 10 TRANS Simulation 5-6 7.68] 8.66 | +25.8
.Washiagtea, DC CBD 40 UICS~1 (KETSDY) l Off Peak 11.97 ] 13.22 | +10.4
Average, All locations: +11.8
Average, Teroato & San Jose + 1.6
Average, All Ochers: +18.4

Note: Toroato and San Jose were aggTessively managed, cozputerized signal systems in the BIFORT case

Source: ‘Wagner, op. cit.
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in mean travel time.

Table VII-4 summarizes the dimpacts on average
speed of major freeway traffic surveillance and control projects
in six cities. The average improvement in travel speeds for free-
flow and congested zones combined is approximately 20 percent.
Table. VII-5 translates these results into estimates of the re-
duction in thevproportioﬁvof the freeway which is congested. The
data indicate that surveillance and control can eliminate approxi-
mately 60 percent of thé congested freeway zones. 1In other words,
of all freeway sections currently experiencing congestion (i.e.,
average travel time of 3.5 minutes per mile), approximately 60
percent could be upgraded to smooth-flow status (i.e., average
travel time of 1.3 minutes per mile). Thus, the proportional
shift in travel time for all currently congested freeway zones is:

Pstij = 0.60 ( 1.3 - 3.5

3.5

) =-0.38 .

Alternatively, instead of relying on estimates of impacts from
other locations, traffié simulation models tould be used to develop
location specific impacts. Models are available for both signalized
arterial street situations and for freeway situations. The former
type of model (e.g., the UTCS-1 model and the TRANSYT model) can be
used to estimate impacts of traffic signal timing optimization and
master control system improvement. The latter type (e.g., the FREQ
model) can be usad to estimate the impacts of freeway ramp control

systems.
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TABLE VII-4

Freeway Ramp Control System Impacts on Average Speed

' Percent After, Percent
Location Length, | Time of Day |Before | After [Difference | Including [Difference
Miles Ramp vs. Ramp vs,
Control|Control| Before Delays Before
Minneapolis I-35W
Rorthbound 16.6 7:15-8:15 33.8 45.5 34 43.0 27
(Iabound) 16.6 6:30-9:00 43.9 50.1 14 48.5 10
Southbound 12.7 4:30-5:30 33.7 40.1 19 38.6 135
(Outbound) 12,7 3:3—=6:30 38.5 43.7 19 44.4 15
Chicago, Eisenhouwer
EZxpressway
Eastbound 9.4 2 hour 30.3 33.0 9
AM Peak
(Indbound) 9.4 4 Hour 37.7 39.7 5
AM Peak
Los Angeles, Santa
Monica Freeway
Eastbound 13.5 6:30-9:30 36.2 50.6 40 1.4 14
(Inbound)
Houston, Gulf Freewav
Northbound 6 7:00-8:00 20.4 32.6 60
(Izdbound)
'Los Angeles Harbor
| Freevay
Southbound 4 3:45-6:15 25.9 40.3 55 37.4 &4
(Outbound) 4 3:45-6:15 25.9 40.3 55 37.4 &4
Detroit, Lodge Freeway :
Northbound 6 2:30~6:30 27.3 36.4 33 32.6 19
(Outbound)
‘lAverages All Data 32.8 41.4 26
Averagzes for Data
Including Racp Delays 34.2 40.8 15

Source:

Wagner, op. cit.
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Freeway Ramp Control System Impacts on Proportion

of Freeway Minute-Miles Congested

Proportion Congested

Before After
Location Length,| Time of Day | Ramp Ramp Percent
Miles Control | Control | Reduction

Minneapolis, I-35W
Northbound 16.6 |7:15 - 8:15 .25 .05 80
(Inbound) 16.6 |6:30 - 9:00 .07 0 100
Southbound 12.7 |4:30 - 5:30 .25 .13 48
(Outbound) 12,7 |[3:30 - 6:30 .16 .05 69

Chicago, Eisenhower

Expressway
Eastbound 9.4 |2 Hr. AM Peak .34 27 21
(Inbound) 9.4 |4 Hr. AM Peak .17 .135 21

Los Angeles, Santa

Montica Freeway .

Eastbound 13.5 |6:30 - 9:30 .20 0 100
(Inbound)

Houston, Gulf

Freeway
Northbound 6 7:00 - 8:00 .76 .28 63

Los Angeles, Harbor

Freeway
Southbound 4 3:45 - 6:15 .49 .13 73
(Outbound)

Detroit, Lodge Freeway 6 2:30 - 6:30 .43 .20 53
Northbound 6 2:30 - 6:30 .43 .20 53
(Outbound) '

Averages .31 .12 61

Source: Wagner, op. cit.
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Step 6: For All Actions Combined, Estimate the Proportional Shift
in Travel Time on Each Functional Class of Highway, PSti, the

Resulting New Travel Times of Each Highway Class, tn;» and the

New Areawide Average Travel Time, t,

These estimates are calculated as follows: first, for
each functional highway class, the impact of the combined actions

is,

PSti = [(1+F PStil)(l + Fi PS_..)...(1L + Fin Pstin)] -1

il 2 ti2

and

tn; = t; (L+PS.))

For the areawide network, the new average travel time is

tn = § Pv tni

The intermediate results for steps (1) through (6) are summarized
in Table VII-6 which represents work travel characteristics in
the urban area.

Step 7: Compute the Areawide Proportional Shift in Average Travel
Time Caused by the Combined Traffic Engineering Actions, PS;

This is the proportional shift in travel time that would occur
if VMT were held constant; in other words, the proportional shift in
the supply curve. A simple proportion change equation is applied to
the original travel time, t, and the new travel time, t,, as

follows:
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TABLE VII-6

Worksheet

for Steps 1-6, Work Travel

Step(1) Step(2)  Step(3) Step(4) Step(5) Step(6)
Functional
Class, i P, t, Actjlon Fij PS, PS, t
i ij i i
1. Smooth .205 1.3 1.3
flow
freeway
2. Congested 0.015 3.5 1 1.00 -0.38 -0.38 2.17
zone
freeway
3. General 0.68 2.83 2 1.00 -0.12
arterial 3 0.50 -0.06 -0.146 2.42
4. Congested 0.03 4.11 2 1.00 -0.12 -0.173 3.40
zone 3 1.00 -0.06
5. Local 0.07 3.00 3.00
street
t=2.58 t,=2.26
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tn-t
PSt = S
In this case,
Pst = 2.26 = 2.58 _ -0.124
2.58

Step 8: Estimate the Elasticity of Travel Time to Changes in
VMT for Each Functional Highway Class, e+i, and for the Area-
wide Highway Network, ey

The value e, represents the degree to which travel speeds
or travel time rates degrade with additional traffic volume.
Guidelines for typical ety values observed in practice are

summarized below:?

) For non-work travel (off-peak periods)

- Freeways - Assume all sections of freeway
operate in the smooth flow regime.

= y
er; = 0.16 C
where V/C = the average volume to capacity ratio

during offpeak periods. A reasonable V/C = 0.5,
so ety = 0.08.

- General arterials and arterials in congested zones
ety =0.17
et4 = 0.17

- Local streets
ets = 0

Since traffic volumes are very light.

! For a detailed discussion of the development of e.. estimates, see
Wagner, op.cit., Chapter II. 1
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. For work travel (peak periods)

- Freeways - Assume at least some portion of the

freeway system is congested.

Then e;j42, the

travel time elasticity for all freeway sectioms
combined, ranges from approximately 2 to 4, de-
pending on the severity of existing congestion,

as shown below.

Average Freeway Travel Time for All Sectioms,

L142
Elasticity of
Range of Midpoint of Travel Time,
Y142 Y42 Ct142
1.37 - 1.52 1.445 2.12
1.52 - 1.78 1.65 3.39
1.78 - 2.17 1.95 4.43

In this urban area, since

t = 1.45, e = 2.1
1+2 t1+2
- General arterials
et3 = 0.17

- Congested zone arterials

12

ery = 1.37 (observed range of ety
from 0.56 to 2.82)

- Local streets

ets = 0

The estimates of travel time elasticities for individual highway

classes are summarized in Table VII-7,

Alternatively, freeway and street traffic simulation models

can be used to estimate ety for specific highway situations.
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TABLE VII-7

Travel Time Elasticities

Work Non~Work
P e, et
Functional ClassI i Vi i i
1. Smooth flow freeways 0.22 2.12 0.08
2. Congested zone free-
ways
3. General arterials 0.68 0.17 0.17
4. Congested zone
arterijals 0.03 1.00 0.17
5. Local Streets 0.07 0 0
Areawide e, = 0.612 e, = 0.14
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Simulation models are powerful in this regard since VMT can be
varied at will by specific amounts, upward or downward, holding
all other variables constant, and er; computed from the simula-
tion output.

After estimating ety for individual highway segments, the

areawide ey can be computed by

e, = EPVi eti

Notice that the two freeway segments are combined in this step,

i.e.

e +

¢ = Puie2 Ce142 T Bus 3 Y Pt Bus G

The computed e, values are also shown in Table VII-7.

Step 9: Estimate the Areawide Elasticity of VMT to Changes in
Travel Time, ey

The value e, represents the sensitivity of the volume of
auto travel to changes in travel time rate or speed. Several
ongoing efforts are aimed at estimating reliable values for e,-
In this study, previous applicatioms of the disaggregate travel
demand forecasting models described in Volume I were uséd to
estimate short-range values of e, and yielded the following
results:!

- Work travel, e, = -0.01

- Non-work travel, e, = -0.15

! See Wagner, op. cit., Chapter II.
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The short-range VMT elasticities come about as a result of
work trip mode shifts, whereas non-work trip VMT elasticities
result primarily from modified trip frequency and trip length.

Longer-range VMT elasticities are known to be higher than
the short-range values since they are affected additionally by
changes in land use and choice of residential location. Since
a whole host of non-transportation forces, which were outside the
scope of this study, significantly influence these longer range
responses, sensitivity tests using various higher values of ey
were used to investigate the possible range of longer term im
pacts. These sensitiviﬁy tests are not described here, however.

Step 10: Estimate the Proportional Change in Areawide VMT at the
New Equilibrium Point Resulting from the Traffic Engineering

Actions, PCy

This computation accounts for the interaction between supply
and demand for highway facilities. Improving the level of ser-
vice or travel speed on the highway network (supply) will lead to
additional auto travel which offsets, to some degree, the improve-
ment in highway level of service. The demand for and supply of
highway travel (VMT and travel time rate) will eventually reach a
new equilibrium point. The equilibrium change in VMT, relative to

the base condition is given by :
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Results for this urban area are given on worksheets in Tables
VII- 8 and VII-9, and are summarized in Table VII-10.
Step 11: Estimate the Proportional Change in Areawide Average

Travel Time at the New Equilibrium Point Resulting from the
Traffic Engineering Actions, PCt

This also accounts for supply-demand interaction and is

computed by :

Results for this computation also are shown on worksheets in

Tables VII-8, VII-9, and VII-10.

Step 12: Estimate the Elasticity of Fuel Consumption Rate Per
Mile to Changes in Travel Time, ef

Research shows that ey is a function of the base condition
areawide travel time, t. For the 1976 VMT weighted mix of vehicles

in the U.S. fleet:1

0.0201t
ep =
0.085 - 0.201t

In this case,

° Non-work travel, t = 2.38, ep = 0.360

2,58, ep = 0.379

° Work travel, t

1
See Wagner, op. cit. for derivations of these relationships
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TABLE VII-8

Worksheet for Steps 1-13, Work Travel

Step(1) Step(2) Step(3) Step(4) Step(5) Step(6) Step(8)
Functional
Class, i P, t; Ac?on Fij PSt” PS, t e
i ij i i
1, 0.205 1.3 1.3
2.12
2. 0.015 3.5 1 1.00 -0.38 -0.38 2.17
3. 0.68 2.83 2 1.00 -0.12 -0.146 2.42 0.17
3 O. 50 —0006
4, 0.03 4,22 2 1.00 -0.12 -0.173 3.40 1.00
3 1.00 -0.06
5. 0.07 3.00 3.00 0
t
- n-t = 2.26-2.58 = -0.124
Step (7) PS; = t 2.58
Step (8) e, = zpviet = 0.612
i i
Step (9) e, = -0.01
€y -.01
= = - > Y = -0.
- 1y _ ( 1 -
Step (12) e - 0.0201¢ 0.0201 (2.58)
P F B 0.085 + 0.0201t = 0.085 + 0.0201 (2.58) = 0.379
Step (13) PC. = (1+PC ) (1+ePC)-1 = (1.0012) (0.9534 -1) = -0.045
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TABLE VII-9

Worksheet for Steps 1-13, Non-Work Travel

Step(1) Step(2) Step(3) Step(4) Step(5) Step(6) Step(8)
Functional
Class, i P t, Actjlon Fij PS, PS, t e,
i ij b b i
1. 0.22 1.20 1.20) 0.08
3. 0.68 2.63 2 1.00 -0.12{ -0.146 2.25 0.17
3 0-50 -0006
4. 0.03 3.82 2 1.00 -o.1z§ -0.173  3.16 0.17
3 1:00 -0006
5. 0.07 3.00 3.00 0
t = 2.38 t = 2.10
n
Step(7) . . 2.20-2.38 _ _pgpg
t t - 2.38 - Tt
Step(8) e, = ZiPViet = 0.4
Step(9) e, = =1.015
_ v L -0.15 \ _
Step(10) PC_ = PS, <1-evet> = -0.118 <———1+.15(.14)> 0.017
Step(11) PC, = PS, [s——)= -0.118 1 = -0.115
t t l-evet - 1+.15(.14)
_ 0.0201t 0.0201(2.38) _
Step(12) e = 57585 + 0.0201t 5 oeE s 00z01z38) - 03¢0
Step(13) PC. = (1 +PC_)(1 + ePC) - 1 = (1.017) (.9586) = -0.025
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TABLE VII-10

Summary of Impacts of Combined Traffic Engineering Actions

Proportion Change in Areawide

VMT Travel Time Fuel Consumption
Travel Class Pc PC Pc
v t F
Work Travel +0.0012 -0.123 -0.045
Non-Work Travel +0.017 -0.115 -0.025
Work + Non-Work +0.0112 -0.1180 -0.0324

NOTE: Traffic engineering actions tested are comprehensive combinations
of (1) freeway surveillance and control, (2) traffic signal timing
optimization, and (3) improvement of master traffic signal control
system.
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Step 13: Estimate the Proportional Change in Areawide Fuel
Consumption Resulting from the Traffic Engineering Actions, PCp

This is computed by:

PCF = (1 + PCV)(l + e PCt) -1

Sample calculations for Steps 1 through 13 for both work travel
and non-work travel are presented in Tables VII-8 and VII-9.
The findings are summarized in Table VII-10.

Step 14: Compute the Combined Work Trip and Non-Work Trip Impacts
on Areawide VMT, Average Travel Time, and Fuel Consumption

If F, is the fraction of total travel that is work travel,
L1} )

and the subscripts "w" and "nw" are used to depict work and non-

work impacts, then,

PC, = F, PCy + (1 - E) BCyy,
PC_= F, PCy, + (1 - F) PCy .
PCp = F_ PCp, + (1 - F) PCp__

In this case, F, =.37.
The results for work and non-work travel combined are shown

in Table VII-10.

G. Air Quality Impact Assessment

Two factors associated with the comprehensive traffic engineering

improvement program will influence auto emissions in the urban area:
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1. The increased average travel speeds will lower the average
HC and CO emission rates and rasie the NOx emission rate.

2. The increase in auto VMT will tend to offset the effect of
lower HC and CO emission rates and will further increase
the total NOx emissions in the region.

The emissions worksheets (4.1) may be used to examine the relative impact
of each of these factors and to estimate the net change in total auto
emissions associated with the proposed traffic engineering actioms.

Because areawide traffic engineering procedure used in this analysis
calculates only the proportional change in VMI, rather than the absolute
values of the base case and revised total VMT, an independent estimate of
base case VMT and the total number of trips (or average trip length) must
be obtained for work and non-work travel in the region. Previous travel
demand modelling work, based on a 1971 home interview survey, provided
estimates of the necessary data for 1980 and 1985. Linear interpolation
was used to develop estimates for the 1982 analysis year assumed in this
evaluation. Lengths for each type of trip were not necessary because
both VMT and total vehicle trip estiamtes were available from the previous
modelling work. The base case VMI and trip volume estimates are entered
in worksheet VI-A.

The revised case VMT and trip volume may be calculated separately
for work and non-work trips by applying the proportional changes in VMT
shown in Table VII-10 to fhe base case VMT and trip volume values.l

For example, the revised case work VMT is given by:

llt is assumed that change in the number of trips in the urban area
is proportional to the change in VMT.
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Revised VMT = Base VMT x (1 + PCv(work))

5,030,000 (1 + .0012)

5,036,000

The revised case VMT and trip volume estimates are entered on a separate
copy of worksheet VI-A,

Worksheet VI-B is used to record the base and revised case per-
centage of cold starts for work and non-work trips. No parking dura-
tion data was available for work or non-work travel in the regiom, so
estimated figures for cold start trip percentages were obtained from
Table D.1 in Volume I.

Worksheet VI-C is then executed twice (once each for the base and
revised cases) to determine areawide start up vehicle emissions. Work-
sheets VI-A and VI-B and emissions Tables D.2 through D.5 provide the
necessary data for the calculations. A 40-degree ambient temperature
is assumed since the region experiences its highest air pollution concen-
trations during the winter months.

Travel (VMT) related emissions for the base and revised cases are
calculated using worksheet VI-D., Both the VMT change and the change in
average travel speed associated with the traffic engineering actions are
considered in the calculations. The base case work and non-work a;erage
travel time rates were calculated in step 6 of the manual traffic en-
gineering analysis procedure. These travel time rates may be converted

to travel speeds with the following formula:
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60
S=7
where:
s = travel speed in miles per hour
t = travel time rate in minutes per mile

The revised alternative travel speed is calculated by applying
the proportional changes in travel time for work and non-work travel
shown in Table VII-10 to the base case travel time rates from step 6
to determine the revised average travel time rate. These rates are
then converted to average travel speeds using the above formula.

The 1982 analysis year and the average travel speeds calculated
are used to enter Table D.6 for the base and revised cases and for
work and non-work travel. Linear interpolation is required to
determine the emissions factors for each pollutant. The VMT
figures from Worksheet VI-A complete the input data for Worksheet
VI-D.

Finally, Worksheet VI-E is used to summarize the total vehicle
emissions for the base and revised cases, and to calculate the per-

centage change in emissions for each pollutant.

H. Interpretation of Results

As Worksheet VI-E shows, the improved travel speeds associated
with the proposed traffic engineering measures outweigh the associated
increase in VMT in determining HC and CO emissions impacts; Meaﬁing-
ful reductions in the production of these pollutants are predicted,
while NOy emissions are predicted to increase.

While the emissions impacts calculated in this example provide a
reliable sense of the order of magnitude of the influence of traffic

engineering actions, several relatively simple changes in the analysis
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could improve the estimates. For example, separately calculating the
change in auto emissions accounted for by travel on each of the highway
functional classes, rather than the aggregate average emissions rates .
for all facilities in the urban area would provide a more accurate air
quality impact estimate. This extra accuracy would be useful in com-
paring the proposed traffic engineering actions with other transporta-
tion measures which may be competing for limited funding.

The positive impact of the traffic engineering measures on both
auto emissions and fuel consumption in the region (see Worksheet VI-E and
Table VII-10) indicate that they are quite desirable. The next step in
the planning process would be the identification of specific highway
facilities which would benefit from these measures and the development of
cost estimates for their implementation. Once specific oppprtunities have
been identified, computer analysis techniques such as TRANSYT and FREQ

would be applied for detailed planning purposes.
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